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(54) LASER BEAM PROCESSING METHOD AND LASER BEAM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a ultra-short 
pulse laser beam machine with which the interference 
angles and intensity of laser beams for changing and 
interfering with machining forms can be easily seL 
SOLUTION: This machine has a laser oscillator 1 which 
oscillates ultra-short pulse lasers, a phase grating 2 
which branches the laser beams oscillated by the laser 
oscillator 1 to a plurality of the laser beams, a liquid 
crystal panel 4 which selects a plurality of the 
prescribed laser beams from a plurality of the laser 
beams branched by the phase grating 2 and modulates 
their phases and amplitude and a condenser lens 6 which 
causes the interference of a plurality of the laser beams 
controlled in the phase and amplitude. 
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lth»*05 u— tf— tf— Aic^-ds-r-sx^-v^t. 

«TE»* Lfclt »*CD I — " tf- tf- AO + A^b U 

WEttffitftW £ ;Kfc«8t*0> U— tf- tf-A£Ti£ $ 
2Gt7LtzZt$:ftWit-?Z Is— tf-»ax:£2u 

[«#«3] BiliS U— tf-tf-A©3SiR£*;h.t>fc*- 

^fiffi.!:-r-l.Z££4f«£-f SW^l 75g3GHvf*i. 
*Mrise<D u— tf— ttn:£&e 

[H*J|i5 3 l5IS^S?Lfc€-L/— tf-tf-A(Dte*@£ 
ffiftlcHgLT, «ul2U— tf— e— AO^jf^lSgfl-^ 
£&16fc£lM*^b£l*£;rfc -TStt^l 75 

g 3 Of-rtlAM-lEeO) I/— tf— inx^^ 0 

aimx%©«®^aDx-r-s z t zm&k-? z>m*i%. i 75 

g 5 ©L^Jh.*McIEe© u— tf— jbnx^^. 
[H#il7] tiIfET^|-«fe-S3t3ia»^^fiJfflLr, 

Sinxifeirortss^anx-f a c t -r i n 
g 5 (01^*1 AM~ES© u— tf— finx^&o 
[«*Ji8] MIEiSJa/l/UXU— !f— ©T*(=J:*- 
JfeiDXlcll^SEL^T. -^(D-?feiDXi:l*a'S:i)X?feJjDX 

£*t 5 - tzftQikT&m&m-i 7bg7 «>^-r^*M=iE 

10) U-if-iDX^^„ 

[ft#3g9] mriE-jfettJXT'WmasT^a^^^i: 
frlE-jfeJiDXT-^roB*T^'ifcSP«-ict7x-v hi 

+f— jjnx^a 0 

If§#Ji i o ] g$a/^ux u— tf — * -5 u— tf 
— fUSSSt •» 

«TE U— «f-*«« $ ft*: U— tf- tf — ASUS 

u— tf- 1*- Aic»tt-r * @tt a** t . 

ItCBfta** -C»tt**lfc«»*«> U— tf- bf— A© 

&r)t^© u— tf- f-Aj«a*itt «>s«?*^ 

WEtftt * titz Is— e-AOiitMMt4HX 

we»« * nfc u— tf- e- s«9»r ftttffias 

ffiE»«Xtf&«tftt»**tfctt»*©U-- tf-f-A 



o u— «f — JnUg«. 

[R*ai 2] WE»fc**fcLTBrJett«l=IIJn* 

xi* i i izmma is— if— iraxgfio 

x.fcct*^et-r*a*«i o7t>gi 2©ivr;h.*vi= 
e«© u— tf-mxsa. 

AMcfEe© u— if-iraxgs 0 

1 5 ] ttGSMftimU: LT ND7-f 
£ffitx.fcC££4tSli:-r£fii5fc*1 075g1 4<Dlvf*i 

frizfiSo u— if — Snx^fio 
**iifcct*««fr*Bi*ai o75gi 4©L^-r^ 

*McE«<D U— if— AIXSI. 

7] mEStt*?-a>iM&i=a 'j u> 

X^SSLfcCi:$!tt@i:-r-S.a*«1 075g1 60>O 
r *uM=GS«> U-if— JKJXSS 

8] weijRitf, itrEsnxn^aAi; 

= t*»«tr*BI*ai 0x1*1 i CffiKro u-if- 
IraxgSc 

i 8 i=e«o u— if — inxsie. 
[n*^2 o] tfreffim*KH8£ ur, 2*56-7 k 
■J ^1 « $ts?tfc - 1 ttnm t r 
i 8x1*1 9 i-Ettro u— if — ijQxgfio 

[11*^2 1 ] |IGSn%KRttOlUKi:a 'J>-* 
l/VX5ESLfcCi$^fttt5R*Sl 875g2 0 

(Ol^-r^^A^l-Ee<D u— tf— anxga. 

[§|*«2 2] TOEftttMaT-tLxaiJfcU^X* 
«?LfcCfc*W«fr*BI**1 075g2 1 ©txr*l3^ 

else© l — -tf— jmxga. 

to o o 1 3 

[^^OM-r-SSt&^if] *f£BJI*. 1 0-12-1 0-15 
s e c©8i©tS/^l/- tf— ©T^SJt^jpJfflL 
fc»nxic§|-f £0 

[0 0 0 2] 

t^roftffi] gg/^^l/- tf— *3pJfflLfc*nxi: L 
T. (1 ) M3SA;i,;?.£U>X-ei£3fcU 

tt^I^x!felroasfe•i>t^l*F«ig5r*^ill^1^■T, «unx«B« 

T^U— >3>taX-T-5*a£3b<fe4. X. (2) i&3s/< 
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U ^fflLfcU— tf— t= — HT'SHLTfcJjQ 

3fcM£#*£ fiJffi L r ffianx® $ aox-f £ i $n t> ft 

[000 3] 

(i) <DJaxii, X/K-y hiox-efe-Sfctf). aoxisBA* 
x. ±12 (2) (DiraxirkMt&ftfca^-^S-tMi, 

W-£ffl1-£U--tf-tf-Atf>3l«?*>. T^l^fflf 
5 U-if-f-A©e«-V>li<gro$!HaiA<§^-C?li'5: < . 

— > £^*-C*§*£SS : t§0>i)DX£ £ J^liJi 

*?>ic, u— tf— t*— ^(D^ftzmmLtzmni 
•5&g±, u— tf— t*— Ao^^^gxi;® 

*<Z>fc'-A&££IE3il::^S-T'§>i&^A<fc6„ LA^U 

«E*<o^a^SMt?i±. 3*wJt<Du— tf-e-A^T 

^£i±£>fc*-AJS<DT;££!g£lEltl~i£ 

s-r -s c t it % t>tbx mmx- th o fc. 

[0 0 0 4] **0JI*±iBSS^^9t-r'5fctol-'S^*i 
u— tf— £fJffl LfciQX^xi;jraxgM$g 

[0 0 0 5] 

u— tf-£ giftsare-SH/B L-c«a*<D u— tf- 
-+f-t--A<&*A^i&^fcu-if-e-A£«s*g 

sme#** fjffl LTWie«iiinx!fei^ jdx-t y 
zmmmm+owittizjiv. w&w— tf-t*-Aro;sis) 

■¥>?ie^iEitl=#^C tA<T'#. SotU- tf— e— A 
OTgNS &RZfm * <D f— AS£g(DtSS t I- £ 3 . 
X. ^$-B- e t5fr-5L^— tf-tf— AICSLTII^IC 

[0 0 0 6] ±G3r&££l*-C. T^^-&-5U-if-e 

->^e«l-$!l©T-^^Ci:(-ft-&o X, «rl£U— tf- 
*<nmfSlZit. U— tf— tf— ACDS^i: 



[0 0 0 7] ±e*ai=fel^r. IU^SS?Lfc=&U— tf 
-f-AOfiffili^fiffifr-SO^S^t-r^A^ SIR 
L- U— tf— t*-A(Di4ffi £ S£f=HS-*- & - i: X. 

ijnxffiB;&tfJ!iDXlgti<D£MA< 
[0008] ±E*aticfet*T. mrlBT?$i~«fc£*5£Jt 

#ftl=J:iJ. TiStSU- tf-f— AiSSlr^LT^: 
&BJ3fcteiinx!fe)£*iDX-f T;$l~<fc£>2;;fc7E&3£g 
^^lc«i:ya[lnjX!fel£Dai5inxA^^i:ft«>c X. WE 
=F*l=***5i*»*I=J:y» TiJtSb- tf-f- 
AifiEfilc^LTaKftffiilDX^^JnX-r-St. =F^I-«fe 
^3^7c3 l c§iS^IC t ky. ®JjDX%rtgp<Z)3^7cKJX 

[0009] ±ie^icfct^-c. HfcajE/^^u— tf 
— (DT^i~<fc£-?fcanx(z3i£JSi,NT, -tro-^jaxi: 
l*M'5c-5x?3eaiix^fT-5<fe-5l=LT ; fe<fc^. ^flxlis - 

&tax-e*m<7>J3#r*£<b££ x^upx-c^ro 

BSf^^bSP^-ir^x-v hx->^vJf^SE-rci:A<-e# 
C(DJ;5I=:. ifi/^l/XU- tf— CO^Sitl^J:* 

aDxa>#S[£, •teoiraxicfijffl-r^cir-e, 
ftjmxA^Br^tft^c 

[OOI O] *#£BjCDSfil*. ffiS/<^U— tf— 

»-r -5 u— tf-^ss t . mrie u— tf-^ffinr-^s $ 
^fc u— tf— t*— A^tta^cD u— tf- e— Aic^tt-r 

AroctiA^tjHlTSO) U — "tf — tf — A£IS$fc^jll#?'3"'5iii#? 

^itffistp^si:. mtt&ziitzis— tf-e-A©e 

U— tf-t*-A^=F^$-B--53t?&^Mm 

«ffl-r-5iiiST^^«)^tti=«fcy. mu- tf-t'-A 
^sm^-opsi-^y. tf-tf-AcoT^ftat 

A^ffitftSo 

[ooi i] ±iES«i^fci.^t:. ffistmiRm+t Lrm 
fcitimizmn $m LfcT/^-^-v * •& c t a<-c # 

5. T/^-^^l±S*?-T5)U— tf-t*-A<D»^*3-& 
iriCCT. Rff^roU— tf— if— A$©^j1j1*-|±^§BP 

[ooi 2] ±iBgMi=fct>r. mm^L^m^t l 

"Cfiffi^ffi fe « IMiffiMftXlHI * fit ^. -5 - t A<T- # 

-So &«««i*ffiM#»B*(cJtL-csfflT?*y. »ax 

S«A<@^*^TLN^li#lzfilffi-r*<Dlc^LTL^c 



(4) 



$$!lfl 2003-25085 



Wc**a>-c, iinx^f$£i>5i%*^b£-fe!-*il^i=te 

JTf ^KiIL-TO*. 
[OOI 3] -tlfigfilrfcl^T:. ltIIBg<S^iS¥S<!: L 

N D 7 ^ IJ:^ PI*tiSHi:tt L t Sit?S> 

gfiKWct-srox-. *mxs«£i.^L^£<fb£-fe!-* 

[0 0 14] ±t5gg|C<fcUT. Bil^S^^-CDluSI- 

£it£-f **3I= U— tf-tf-A£AI*£l±*;i£*<-C* 
#3©T-. -t<D^(Deffi^PI|(DSg^±lf-5CtAtT- 

[0015] ±es«i=*3i*t. ffresftx?. buIE« 

*n«£«s.*c&*<-c**. znms. tttiftres 
* Lrvtitf *ffim*KH»££ff fen^s* lt««i 

**ffiW**«*fc L.T1SJSL 

fifct LT**l*. fcfc\ 1tB£MAXIHI£: LTI*. 2 
T****U— tf-e-AOS*?. &*g©S3B. 

[0 0 16] ±E81i:fe^T, tMBffiM3fcKIMta>1lr 
JKI=a'J>— *U>X*K«r*fc, U— tf— tf— 
ffilHjIfeK W»© AWB(=»«*»-T * J: a l= A» * 1* * 
Ct6«T-^ tt«MW0>flt«S.tlf*ci:a«-C**. 

[O 0 1 7] -tteSmicfc^T. WIB3tK^Mm^t L 
"C. *3fcU:/;C&1lK.*c£:*t-ee*. fcfc, C(D«3t 

ME*-T*;:£tf-C#*. 
[0 0 1 8] 

[0 0 1 9] HI l**«W©*«©»«l=ff*U— !f— 
-tf-£f6iff *£«3§1 . 1*OU— tf— If— A*«fc 

©u— «f-e-Ai=#tt-r *»«»*■ 2. u— tf-t*- 

-if-AC!>tt«^S***»r*jt»/<*;u4. XA/< 

I a (m, n) I 2 = ( i / p x ) 

) 

+ 27T (m x / P x + 
[00 2 4] 0 (x. y) I4*^t**lfc2jfc 

7C(Dtt*§#*liT*&*c »#eiHI*. x. y^lSjttC 



— * L/>X3l*mi ©7-UiMl/>Xfc LT. Sl5fc 
U>X6I*«2©7— y xSg|U>Xi: L-cftffl-f *„ 

-r *» 

[0 0 2 0] fflg/O^U- tf— SBSSl (*1 0-12- 
1 0-15 s e cfflKlffll/- tf— **&*-* 4,<D 
■CfcUs *-©/<;U*ipII*0!ljU* 1 0 07iA hfj>. 
Xi^Jf- I*0IJ*.I*1 ~1 0mJi:t5^t6<-!?§ 
4. X. fWC***«l*. 0UX.I*. 8 00nm©l$ 
fctfHfe. -t©2te&. 3tejfci*JfflRj«&T*fc*o 

[0021] ie]STft^-a)-®T-fei)fiffim^2i±, mm 

©tOTr. Stt£r*ESr*&;&l/®*T3fc5£JS©#il£L' 
— If—e—A^W 6*l**3l=. fc&frCX>Kti-Lfe& 
©-?&*„ fctiU ^±lcBM©f-At£«f$ffiya3-r 
«fc3l=-f *C£l*itL^fci<>. &ffift?2 0>ttl=gn£ 

-r*t*-A©^^s?-r*^-sA<^tJ&*. x. «■« 

U— tf-tf-A©$£g£. CG>ttffi«?2£l*£«i;BL 
T»St«i*iLttJ:l»4«. U— tf-tf-A©5£g 

A©«farjEw-r*#ia*Ki*Ti**. 

[0 0 2 2] a 'J >— $ U>X3©&4HjI¥® (7— 'J 
x£»S) l=*5l*T. #ttU— «f— If— A©HPHI43fcrt 

■e#x.6tt* e 

Ax=Af 1/Px ••■ (1-1) 
Ay=Af 1/Py ■•■ (1-2) 
fc*£U Ax. A y I41BSET* x &lf y 2)|n]©#(ft tf — 
AR8RST?fc'5>o AI*U— tf— tf— A©;T£ft, f 1 l*a y 
* U>X©j££S§J§f-efcy. P x i: P y (itetSte^ 
©xXi;y*lR]©^^-efe4o 0"J*.l*. A = 0. 80// 
m. f 1 = 5 0 O mm. Px = Py = 40O//mitli 
<t. A x = A y = 1 . 0 mmi: £f-5> 0 
[0 0 2 3] Ct«^©Sttl=l*S«MS31'(b^^ffl 
l.>*i&^A<fey. Wx.ll •>Sab-f«;K7--Uy 
££/!H^*C <t*<T-£&c ->*il/-T"; KT— — y <f 
&©g:£6*l&%*.li. #JjLli. Journal of Optical Soc 
iety of America A/Vol. 5, No. 1/ January 1998, pp30- 
38. IC$g*r£;h,T^*. *SI6©^8sT*l*. tiffin© 

fiffi^l*|igSttl=ST-<b$#tfct©T?fc*i-r*. K 
»/<?>—* I*, tt«*«ftft-r*tt«©JlE*i:tt«tt-C 
&*<, X*7-liroBSt'l4, (m. n) Jfc©[I]8r5fc 
5£g I a (m, n) |2 lierFa>3-CttJF-?»*. 

(1/Py) XTexp (j ( # (x. y 

y/Py) ) dxdy ••■ (2) 

SrJfcaic tf— Ai ^U4F-A«BrS©W*-C m^r * «fc 3 
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It. SIIHli!bSfl)fiS^$ffl^ri:-A»(S^ff?. 

h (x, y) = (A/ (n-1 ) ) 

[oo2 5] sfc\ ■taffi^2fl)ftt>yic. thsaicj: 
•d r ttWL L fc * p 9 =? a -e fc h ft Jt*l * a ? ^ a $ ffl ix 

[oo2 6] ^3fe^lsnr*fcSjSS/<*;u4ici*, #j 

K>v h-7 h'J -r/^XMir-T-So 5SS K^-f /<5T?-7 

t=— A<D#-£siifiS-e\ *<De-Mzmw<DtiLi& 

&m$1SQiLZ>o *Efc\ #ttU— If— t*— A<D4>fr&tt& 

— tf— Ami=-£0!>mflifi<&s-cfe«. 

A|fflPB£, x, yH^lRHCj&LTI . OmmiLfc. 
[0027] fcfc. jSS/<*.;t,4tes b— if— t*— Air 
**««*l».ltr a U/— * l^>X 3<7>j|g£® 

[0 0 2 8] *5fcU>X6te. ifett^lRll-^SSnltllrfc 

•SiMaSemRrfigi-Egu Siitei^xe ©tittle «to 
t\ tf-t*-A©=F^a±SMai;T^s^^ 

ST-£-i>£5l-L'CO<5. £*>\ *3fcb>X6teiiM*a> 
T<fcl\, 

[0029] a'J>— Si U>X3ir*3"cU>X6AxC,# 

I (x, y, z ) = | Z I a (m, n 
+ <t> (m, n) 
fcfiU a (m, n) It (rru n) l£—A«>S 
W. * (m, n) I* (rru n) f-A©effi, 
k (m, n) It (m. n) JfcCDtftt t*— Aaaftft*? h 

r ©H© r ■ j it. Y-)\,m*m.?o T^izH 
4--r-5!s!ST^am. nlroiNTfg^t-iio 5£ (5) A^b 
=b^5 «fc o Tftlz «fc -SStSSg^flite 3 *7n£lfc:JSA< 

[003 2] ttinx&i otDJtaxs^tiii. u— tf— tf— 

atoxfei 0<DJtoX®«l*. #l5£ u— if — t'-AroiK 

((Hjtt^stxi/^scDMs?) . fiffi^s, sum. x 



effift^COii^h (x. y) l££LT<D3£frb3t£&o 

■ * (x. y ) /2 7T ■ • • (3) 

*.« 7 7 a— ftSltXONMi* i: ftAEtttt 6 l/l- tf 
— AgtDRgcite. ElTroS^fiEy^o,, 
F 1 : F 2 = D 1 : D2 •■• (4) 

f i tea y>— • > u>X3<Dm£ffigL f 21*. 

ft3tU>X6©«^iEllT-fe5. D 1 liAWf-AS. 
D2l*tHMt*-Ag-C-fe*o 0«X.te\ S£'N££0. 1 t 
LfcJg-&. f 1=5 0 0mm. f 2 = 5 Ommffl^frt 
I*. D 1 = 5. O mmlcM LTD 2 = 0. SOmmttf 

[0 0 3 0] -tiE© u— if — iraxgste. gM<Dflnx£ 
^fctticfcbfr l^St+^Jh.fcft&gtt^. minx 

felr^S.-5fc«blCfflUb^'5)t.<7)'Cfcy. JUT<D<t-5l= 
MfW*. "f gS/^XI/- tf— ISfiSfl frb 
Sl^hfcSS/^Xl/- tf-tf-Ate. tt«»^2l= 
<fci>iHl«Tlc«>:y. «&<DU— tf-tf-Alr^e$^-5 0 
®LXT. ^l«$tLfcU—tf-t*-A{i=iy^-^U>X 
3T3tf4i(5lS^ftlr$tlfc^ ?Si|/<^4©/<*;U 

sici5isi£3sr^<i:5i=A^-r-5)o jsr B /<^u4-ei±. 

jffiraK^-f/^S^ipJfflLT. a»u— tf-e— AI=»L 

ri5f®©&ffiS5iBat;fi«g^is**pjL*. smew*. 
7&M i /tz.ji<Dftm<z>wm<r>&y&m&i£< &&ivti&.<Wc. 

tt«>cil:j:ymv c^vlcfc-DX^ttU— tf— t*— 

5e fit, -fl?31S?(=J:y, %A/<^4«aiiL^: 

«a©u— if— f— Ai*, ft3teu>X6-e*-<D3tfx:£fR) 

A^M^^T. SU(DU— if— tf— AA<ttiJDX!fe|1 0(0 

«fcy. ^jnxiai oicte^^irck^jtsig^A^c. 

■5-tH~J:oT«iiraxfel OlcT'^U— val/Xte/Xtf 
[0 0 3 1 ] £33. ?»lc£«%3l£&tt I (x, y f 

z) te^s-e-^x-btL^., 

) • e x p ( j ( k (m, n ) • r 
) |2 ... ( 5 ) 

c <t ic «fc y « * £ anx t & . 

[0 0 3 3] 2-O0>i>fS[L<D : ?mz l i:-oT£.C& : F&mtt 
lE&-Xt.O>#45&LX^Z>tf. 3t^a>SA<$blZlix.r»4> 

fe§itfiffii<lotI^^i:, -5-<7)^<D?tg^flTte®i 
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© An optical device which can inscribe a pattern 
not only to a flat surface but also to a curve surface 
by using a liquid crystal spatial optical modulator, 
and which has high optical utilization efficiency; an 
optical device which can form a cube having a curve 
surface by using a liquid crystal spacial optical 
modulator, and which has high optical utilization ef - 
ficiency; and an optical machining system having 
high versatility by mounting these optical devices on 
a robot The optical device includes at least a co- 
herent light source, a liquid crystal spatial modulator 
for controlling a wave plane of light from the coher - 
ent light source, and means for recording a complex 
amplitude distribution to the liquid crystal spatial 
optical modulator. 
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Field of the Invention 

The invention relates to (1) an optical device 
for pattern reproduction that combines a coherent 
light source and a spatial light modulator, and (2) 
an optical processing system that uses this optical 
device. 

Background of the Invention 

The prior art technology is explained here 
while referring to pattern scribing technology that 
utilizes light. 

Prior art pattern scribing devices (laser scribing 
devices) that utilize light are generally divided up 
into the following two methods. 

(1) Laser beam scanning method 

(2) Mask method 

Method (1) performed scribing on the material by 
scanning the laser beam two dimensionally ac- 
cording to a pattern by means of a galvanomirror 
or a polygon mirror (Japanese Laid -Open Patent 
Publication 56 - 1 1 8860). 

Method (2) performed scribing by irradiating a 
laser beam on a mask in which the pattern to be 
scribed was formed as openings and projecting the 
pattern reduced on the material via an imaging 
lens. Initially, metal plates in which the openings 
were formed were used as the mask medium. 
However, due to the cost and trouble of producing 
the mask, liquid crystal spatial light modulators 
have received attention in recent years for use as 
variable masks. 

In the method that uses a liquid crystal spatial 
light modulator as a variable mask, the two-di- 
mensional optical switching effect of the liquid 
crystal spatial light modulator is utilized to record 
the pattern as is as a density. FIG. 20 shows the 
configuration of a prior art laser scribing device. 
The light emitted from the laser source 2001 illu - 
minates the twisted nematic (TN)-mode liquid 
crystal spatial light modulator 2004 on which the 
density mask of the pattern has been recorded. 
The transmitted light is converged by the lens 2005 
to image the pattern on the surface of the material 
106. Those parts of the material surface on which 
the pattern is imaged are evaporated by the heat of 
the laser, whereby the pattern is scribed. A (1) TN 
(twisted nematic) - mode (Japanese Laid - Open 
Patent Publications 60-174671, 1 -176563, 1- 
176564 and 1 -216851) or (2) scattering - mode 
(Japanese Laid - Open Patent Publications 1 - 
1577912 and 3-18491) is used as the liquid cry- 
stal spatial light modulator. 

In addition to these, there have been applica - 
tions regarding laser scribing devices that use a 
liquid crystal spatial light modulator as an open 
mask. Those that have been searched so far are 



listed below. 

Japanese Laid - Open Patent Publications 62 - 
127710 and 1 -257821 U.S. Patent Nos. 458605, 
4734558, 4818835 and 4937424 However, since 

5 prior art laser scribing devices used the variable 
pattern displayed on the liquid crystal spatial light 
modulator as a mask, their light utilization effi- 
ciency was low. Therefore, when the pattern to be 
scribed had a small total surface area such as in 

10 short character strings or line images, a high- 
output laser source (or excitation light source) was 
required, which markedly lowered production effi - 
ciency. Also, in order to scribe a pattern on a 
curved surface, it was necessary to move the lens, 

75 mirror and other optical elements at high speed in 
the direction of depth, thus greatly complicating the 
device configuration. 

The invention is intended to solve these prob - 
lems, and its purpose is to (1) offer an optical 

20 device with high light utilization efficiency and that 
is capable of scribing patterns on curved surfaces 
by a simple means, (2) offer an optical device with 
high light utilization efficiency and that is capable 
of three - dimensional formation of curved surfaces, 

25 and (3) offer a widely applicable optical processing 
system that mounts these devices on robots. 

Disclosure of the Invention 

30 The first optical device of the invention com - 

prises at least a coherent light source, a spatial 
light modulator for controlling the wavefront of the 
light from the coherent light source, and a means 
that records the complex amplitude distribution on 

35 the spatial light modulator. 

The second optical device of the invention is 
the first optical device wherein the complex am- 
plitude distribution is a phase distribution. 

The third optical device of the invention is the 

40 first or second optical device equipped with an 
optical system for guiding the light from the co- 
herent light source to the spatial light modulator 
and an optical system for guiding the light from the 
spatial light modulator to where the pattern is to be 

45 reproduced. 

The fourth optical device of the invention is any 
of the first to the third optical devices wherein the 
data input to the spatial light modulator is prepared 
based on the complex amplitude distribution cor- 

50 responding to the diffraction image of the pattern to 
be reproduced. 

The fifth optical device of the invention is any 
of the first to the fourth optical devices provided 
with a means that stores the data input to the 

55 spatial light modulator. 

The sixth optical device of the invention is any 
of the first to the fifth optical devices wherein the 
means that prepares the data input to the spatial 
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light modulator is equipped with at least a means 
for Fourier transformation. 

The seventh optical device of the invention is 
any of the first to the sixth optical devices wherein 
the means that prepares the data input to the 5 
spatial light modulator is equipped with at least a 
means for seeking inverse tangents. 

The eighth optical device of the invention is 
any of the first to the seventh optical devices 
wherein the means that prepares the data input to io 
the spatial light modulator is equipped with at least 
a means for generating random numbers. 

The ninth optical device of the invention is any 
of the first to the eighth optical devices wherein the 
means that prepares the data input to the spatial 75 
light modulator is equipped with at least a means 
for seeking the lens phase distribution. 

The tenth optical device of the invention is any 
of the first to the ninth optical devices provided 
with a means that changes the output of the co- 20 
herent light source nearly proportionally to the area 
of the pattern to be reproduced (that part where the 
intensity is not zero). 

The eleventh optical device of the invention is 
any of the first to the tenth optical devices provided 25 
with a means for correcting wavefront aberrations 
of the light from the coherent light source. 

The twelfth optical device of the invention is 
any of the first to the eleventh optical devices 
wherein a light -guide member is provided be- 30 
tween the spatial light modulator and the material. 

The thirteenth optical device of the invention is 
any of the first to the twelfth optical devices 
wherein a Fourier transformation lens is provided 
between the spatial light modulator and where the 35 
pattern is to be reproduced. 

The fourteenth optical device of the invention is 
any of the first to the thirteenth optical devices 
wherein a dual - diffraction optical system com- 
prising a Fourier transformation lens and an auxil - 40 
iary lens is provided between the spatial light 
modulator and where the pattern is to be repro- 
duced and a spatial filter is provided between the 
Fourier transformation lens and the auxiliary lens. 

The fifteenth optical device of the invention is 45 
any of the first to the fourteenth optical devices 
provided with an auxiliary lens and a drive means. 

The sixteenth optical device of the invention is 
any of the first to the fifteenth optical devices 
wherein the spatial light modulator is a phase 50 
modulation type. 

The seventeenth optical device of the invention 
is any of the first to the fifteenth optical devices 
wherein the spatial light modulator is an 
amplitude - phase modulation type. 55 

The eighteenth optical device of the invention 
is any of the first to the seventeenth optical devices 
wherein the spatial light modulator is a liquid cry- 



stal spatial light modulator. 

The nineteenth optical device of the invention 
is the eighteenth optical device wherein the liquid 
crystal spatial light modulator comprises two phase 
modulation - type liquid crystal spatial light 
modulators disposed forward and back such that 
their respective corresponding pixels correctly face 
each other. 

The twentieth optical device of the invention is 
the eighteenth optical scribing device provided with 
two light paths whose polarization directions are 
perpendicular to each other and liquid crystal 
spatial light modulators disposed in each of the 
light paths. 

The twenty -first optical device of the invention 
is any of the first to the twentieth optical devices 
wherein the liquid crystal spatial light modulator 
uses an active matrix drive system. 

The twenty - second optical device of the in - 
vention is any of the first to the twenty - first optical 
devices provided with a means that measures the 
surface shape of the material to be scribed. 

The twenty -third optical processing system of 
the invention is provided with any of the first to the 
twenty - second optical devices and a robot on 
which the optical devices are mounted. 

Brief Description of the Drawings 

FIG. 1 is a plan view showing the con- 

figuration of the laser scribing 
device of the first embodiment; 

FIG. 2 is a block diagram showing the 

configuration of the control de- 
vice of the laser scribing device; 

FIG. 3 shows the patterns scribed on 

the material; 

FIG. 4 is a graph showing the light- 

wave modulation characteristic of 
the liquid crystal spatial light 
modulator; 

FIG. 5 is a plan view showing the con - 

figuration of the laser scribing 
device of the second embodi- 
ment; 

FIG. 6 is a plan view showing the con - 

figuration of the laser scribing 
device of the third embodiment; 

FIG. 7 is a plan view showing the con - 

figuration of the laser scribing 
device of the fifth embodiment; 

FIG. 8 is a plan view showing the con - 

figuration of another laser scrib - 
ing device of the fifth embodi- 
ment; 

FIG. 9 is a plan view showing the con - 

figuration of the laser scribing 
device of the sixth embodiment; 
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FIG. 10(a) 


is a side view showing the con - 
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memory 




figuration of the light -guide 




207 


adder circuit 




member, and FIG. 10 (b) is a 




208 


multiplier circuit 




plan view showing the configu- 




209 


memory 




ration of the light - guide mem - 
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210 


lens phase generation circuit 




ber; 




211 


memory 


FIG. 11 


is a plan view showing the con - 




212 


Fast Fourier transformation circuit 




figuration of the laser scribing 




213 


memory 




device of the seventh embodi- 




214 


multiplier circuit 




ment; 


70 


215 


memory 


FIG. 12 


is a plan view showing the con - 




216 


inverse tangent operation circuit 




figuration of the dual - diffraction 




217 


quantization operation circuit 




optical system; 




218 


output buffer 


FIG. 13 


is a plan view showing the con- 




601 


control circuit 




figuration of the laser scribing 


75 


602 


ROM 




device of the eighth embodiment; 




603 


input buffer 


FIG. 14 


is a cross section showing the 




604 


CD ROM 




configuration of the amplitude - 




609 


control device 




phase modulation - type spatial 




610 


keyboard 




light modulator in the ninth em - 


20 


618 


output buffer 




bodiment; 




801 


phase mask for aberration correction 


FIG. 15 


is a cross section showing the 




901 


Fourier transformation lens 




configuration of the liquid crystal 




902 


light -guide member 




spatial light modulator in the 




1001 


prism 




tenth embodiment; 


25 


1101 


dual - diffraction optical system 


FIG. 16 


is a plan view showing the con- 




1201 


Fourier transformation lens 




figuration of the laser scribing 




1202 


spatial filter 




device of the eleventh embodi- 




1203 


auxiliary lens 




ment; 




1301 


light -guide member 


FIG. 17 


is a perspective view showing the 


30 


1302 


drive mechanism for auxiliary lens 




configuration of the laser scribing 




1401 


TN-mode liquid crystal spatial light 




system of the thirteenth em- 






modulator 




bodiment; 




1402 


ECB-mode liquid crystal spatial light 


FIG. 18 


is a plan view showing the con - 






modulator 




figuration of the three-dimen- 


35 


1501 


element substrate of liquid crystal 




sional formation device of the 






spatial light modulator a 




fourteenth embodiment; 




1502 


liquid crystal layer of liquid crystal 


FIG. 19 


shows the hardened pattern; and 






spatial light modulator a 


FIG. 20 


is a side view showing the con - 




1503 


opposing substrate of liquid crystal 




figuration of a prior art laser 


40 




spatial light modulator a 




scribing device. 




1504 


element substrate of liquid crystal 


Explanation of Numbers in Drawings 






spatial light modulator b 


101 


laser source 




1505 


liquid crystal layer of liquid crystal 


102 


beam expander 






spatial light modulator b 


103 


coliimating lens 


45 


1506 


opposing substrate of liquid crystal 


104 


liquid crystal spatial light modulator 






spatial light modulator b 


105 


Fourier transformation lens 




1601 


polarized beam splitter 


106 


material to be scribed 




1602 


polarized beam splitter 


107 


power source for laser drive 




1603 


mirror 


108 


drive circuit for liquid crystal spatial 


50 


1604 


mirror 




light modulator 




1605a 


liquid crystal spatial light modulator 


109 


control device 




1605b 


liquid crystal spatial light modulator 


110 


input device 




1606a 


drive circuit of liquid crystal spatial 


201 


control circuit 






light modulator 


202 


font ROM 


55 


1606b 


drive circuit of liquid crystal spatial 


203 


input buffer 






light modulator 


204 


random number generation circuit 




1701 


laser power source 


205 


memory 




1702 


optic fiber 
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1703 


robot body 


1704 


robot arm 


1705 


laser scribing device 


1801 


resin bath 


1802 


photocuring resin 


1803 


optical device of invention 


1804 


pattern 


1901 


part of pattern 


1902 


intensity distribution on reproduced 




pattern 


2001 


laser source 


2002 


beam expander 


2003 


collimating lens 


2004 


liquid crystal spatial light modulator 


2005 


imaging lens 


2007 


laser drive power source 


2008 
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Preferred Embodiments for Implementing the In- 
vention 



The invention is explained in detail below 
based on embodiments. 

First Embodiment 

FIG. 1 shows the configuration of a laser 
scribing device that applies the optical device of 
the invention. The beam emitted from the laser 
source 101 is made an expanded parallel beam by 
the beam expander 102 and the collimating lens 
103, and it illuminates the electrically controlled 
birefringence (ECB) - mode phase modulation - 
type liquid crystal spatial light modulator 104. The 
light receives two-dimensional phase modulation 
by the action of the computer hologram recorded 
on the liquid crystal spatial light modulator 104. 
Also, the prescribed pattern is imaged on the sur - 
face of the material 106 by the Fourier trans- 
formation lens 105. As a result, that part of the 
surface of the material irradiated by the laser either 
evaporates or is altered by heat, whereby the pat - 
tern is scribed. In the figure, 107 is the power 
source for driving the laser, 108 is the drive circuit 
for the liquid crystal spatial light modulator and 109 
is the control device for controlling this. The char - 
acters or pattern to be scribed on the material is 
input from the input device 110. In this embodi- 
ment, a YAG laser with a wavelength of 1 .06 urn is 
used as the laser source. 

Next is a detailed explanation of how the data 
recorded on the liquid crystal spatial light modula - 
tor are prepared and the control device 1 08. 

In the invention, a pattern is generated from the 
computer hologram recorded on the liquid crystal 
spatial light modulator, and this pattern is projected 
and scribed on the material. This is the major 



difference from the prior art technique wherein the 
pattern was displayed as is on the liquid crystal 
spatial light modulator as an intensity distribution, 
and this intensity distribution was projected and 

5 scribed on the material by a lens system. 

In this embodiment, a kinoform (refer to IBM J. 
Res. Dev. 13, 150-155 (1969)) is used as the 
computer hologram recorded on the liquid crystal 
spatial light modulator. This is because of the ex - 

w tremely high light utilization efficiency since 
kinoform can be recorded as only a phase stoic - 
ture. Further, since one phase component cor- 
responds to one pixel, the limited number of the 
pixels of the liquid crystal spatial light modulator 

75 can used effectively. 

The method by which the phase structure of 
kinoform is calculated is explained. First, a random 
phase distribution is superposed on the input im - 
age (characters or pattern to be scribed) given as 

20 an amplitude distribution. Next, this complex data 
undergoes Fourier transformation. The result of 
extracting only the phase component of the 
Fourier - transformed image is the kinoform. Ac- 
cording to our experiments, two values are suffi- 

25 cient for the random phase first given. The repro - 
duced image is obtained by inverse Fourier trans - 
formation of the kinoform. However, this repro- 
duced image generally has large errors with re- 
spect to the input image and much speckle noise. 

30 In the invention, the following two methods 

have been proposed for improving the quality of 
the reproduced image. 

(1 ) Recursive calculation 

(2) Multiplex exposure 

35 The recursive calculation method repeats calcula - 
tion while correcting errors in the reproduced im- 
age with respect to the input image. A number of 
algorithms have been proposed; e.g., these are 
explained in detail in Opt. Eng. 19, 297-305 

40 (1980) and Appl. Opt, 12, 2328 - 2335 (1973). In 
the multiplex exposure method, a plurality of 
kinoform with differing phase structures are pre- 
pared from one set of image data, and patterns are 
successively reproduced from these kinoform, 

45 whereby the speckle noise on the material is 
averaged. Below, the specific hardware configura- 
tions for realizing these respective methods are 
explained. 

so (1 ) Recursive calculation 

FIG. 2 shows the configuration of the control 
device 1 08 used in this embodiment. Control sig - 
nals are sent from the control circuit 201 to each of 
55 the circuits as required to efficiently perform the 
following processing with the proper timing. 

The data input as character codes from the 
input device 109 are stored in the input buffer 203 
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after being converted to dot matrix data in the font 
ROM 202 (or as is if initially given as dot matrix 
data). The data are read out from the buffer to the 
memory 206 one character at a time. 

The random number generation circuit 204 
randomly generates data of two values (1 and - 1 
in this embodiment). These two values are grouped 
the same number of times as the number of dots in 
the character data and stored in memory 205. The 
data in memories 205 and 206 are multiplied to- 
gether in the multiplier circuit 208 for each dot and 
stored in memory 209. 

This data undergoes Fourier transformation in 
the two-dimensional, complex Fast Fourier trans- 
form circuit 212, and complex amplitude data are 
stored in memory 213. The lens data prepared by 
the lens phase generation circuit 210 are stored in 
memory 211. The data in memories 211 and 213 
are multiplied together in the multiplier circuit 214 
for each dot and stored in memory 215. 

When only the phase data are extracted from 
these data by the inverse tangent operation circuit 
216 and quantized (16 levels in this embodiment) 
in the quantization operation circuit 217, the 
kinoform data are obtained. Also, these kinoform 
data are stored in the output buffer 218 and are 
sent one frame at a time to the drive circuit 108 of 
the liquid crystal spatial light modulator. 

When recursive calculation of the kinoform is 
performed, the phase data can be extracted from 
the data in memory 213 and the quantized data 
stored in memory 209. In this case, it is necessary 
to add an operation circuit that either determines 
the number recursions or evaluates the errors. The 
lens phases are superposed after completion of 
recursion. 

Next is an explanation of the necessity of lens 
phases in the above data preparation process. The 
maximum diffraction efficiency of the kinoform is 
ideally 100 percent, but when actually recording to 
a spatial light modulator, there is only a little light 
that passes as is without receiving modulation in 
the spatial light modulator. This light becomes 
spot -shaped noise converged by the Fourier 
transformation lens. In order to remove this spot- 
shaped noise, a lens phase function is superposed 
on the kinoform in this embodiment. The light that 
receives modulation in the spatial light modulator 
forms an image at a position (reproduced image 
plane) separated from the focal plane of the Fourier 
transformation lens due to the lens phase. This 
makes the spot noise invisible. Also, by super- 
posing the lens phase on the phase distribution of 
the kinoform, it is possible to reproduce the pattern 
without using a Fourier transformation lens or other 
optical elements. The position and size at which 
the pattern is reproduced can be freely changed by 
selecting the focal length of the lens phase. Fur- 



ther, a pattern with depth can be reproduced by 
superposing and recording a plurality of kinoform 
(refer to Kogaku, 21, 155-156 (1992)). 

When kinoform data were prepared according 
5 to the recursive calculation method and scribing 
was performed in this control device 108, uniform 
scribing with little speckle noise was achieved in 
which decreased quality due to quantization errors 
was suppressed. 

10 

(2) Multiplex exposure 

The configuration of the control device is the 
same as shown in FIG. 2. First, a plurality of 

75 random number data groups is prepared for one 
input image. Next, using the respective random 
number data, the kinoform data are prepared in the 
control device 108. When these kinoform are each 
prepared one at a time, reproduced images with 

20 speckle noise having no mutual correlation are 
obtained. Therefore, by successively rewriting 
these kinoform, the speckle noise is averaged in 
the reproduced image, whereby the S/N ratio of the 
reproduced image is improved. Further, since de- 

25 viations in characteristics between the pixels of the 
liquid crystal spatial light modulator cancel each 
other out, a reproduced image with even greater 
quality is obtained. 

By providing the reproduced image through Fourier 
30 transformation of the phase distribution of the 
kinoform, the intensity distribution I of the pattern 
obtained when scribing is performed while suc- 
cessively rewriting the plurality of kinoform data is 
given by 

35 

I « S jF{K}P (1) 

Here, S is the sum of the intensity distributions and 
K is phase distribution of the kinoform. From 

40 equation (1), it can be seen that, in addition to 
speckle noise, intensity fluctuation in the repro- 
duced image plane are averaged and become in - 
conspicuous. 

When kinoform data were calculated and 

45 scribing performed on hardware (control device 
108) capable of executing this kind of multiplex 
exposure at high speed, scribing could be per- 
formed with better quality than the recursive cal- 
culation method. When calculating the kinoform 

50 data in the multiplex exposure method, the al- 
gorithms introduced in the above recursive cal- 
culation method (e.g., Opt. Eng. 19, 297-305 
(1980) and Appl. Opt., 12, 2328-2335 (1973) can 
be utilized. 

55 FIG. 3 shows an example of experimental re- 

sults. First, a plurality of random number data is 
prepared for the two -value input image data 
(character parts are 1 and all other are zero). Next, 
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the kinoform data are prepared using these re- 
spective random number data. When these 
kinoform are reproduced one by one, speckle noise 
with no mutual correlation is generated. These are 
then rewritten at high speed (video rate here). 
When this is done, the position of the reproduced 
image does not move, but the speckle noise are 
averaged in the reproduced image, whereby the 
S/N ratio of the image is improved. As shown in 
FIG. 3 (a), speckle noise can no longer be seen in 
the scribed part. For comparison sake, the result of 
scribing by just one kinoform is shown in FIG. 3 
(b). The speckle noise causes marked dropout in 
the character parts. Also, running due to speckle 
noise becomes noticeable around the character. 

The control device 108 of this embodiment can 
calculate one kinoform (using 256 x 256 pixels) in 
approximately 10 ms. The kinoform is rewritten at 
video rate to match the response of the liquid 
crystal spatial light modulator, and a trigger signal 
is sent to the power source. 107 for laser drive 
according to timing in sync with this and the YAG 
laser is activated. 

Next is an explanation concerning the liquid 
crystal spatial light modulator used in this em- 
bodiment. The liquid crystal spatial light modulator 
of this embodiment is a matrix drive system having 
thin -film transistor (TFT) elements at each pixel, 
and it is capable of at least rewriting at video rate. 
The initial orientation of the liquid crystal molecules 
is a homogeneous orientation with no twist, and 
only the phase of the light wave can be continu - 
ously modulated (refer to Extended Abstracts (The 
51st Autumn Meeting, 1990), 26a- H- 10, The 
Japan Society of Applied Physics). The number of 
effective pixels is 256 x 256, and the size of each 
pixel is 200 x 200 urn 2 . The aperture is 190 x 190 
urn 2 , and the numerical aperture is 90%. The side 
of the liquid crystal spatial light modulator on which 
the laser is incident is treated with a nonreflective 
coat. 

The retardation Dnd of the liquid crystal layer 
was adjusted to match the wavelength (1.06 urn) of 
the YAG laser source, and a phase modulation of 
more than 2n was realized. The light modulation 
characteristic of the liquid crystal spatial light 
modulator is shown in FIG. 4. By setting the pre- 
tilt angle slightly high when orienting the liquid 
crystal molecules, the change in amplitude ac- 
companying phase adjustment can be suppressed 
enough to present no problem in practical ap- 
plication. The azimuth of the linearly polarized light 
extracted from the laser source 101 and the ori- 
entation of the liquid crystal spatial light modulator 
are arranged in the same plane. If the light from 
the laser source 101 is randomly polarized light, a 
polarizing plate is disposed in front of the liquid 
crystal spatial light modulator such that the azimuth 



of the transmission axis of the polarizing plate is 
parallel to the orientation of the liquid crystal spatial 
light modulator. 

This liquid crystal spatial light modulator is 

5 provided with a light -blocking film (black stripe) to 
protect the TFT elements. Generally, when a laser 
beam is incident on an object with a lattice struc - 
ture such as a black stripe, higher order diffraction 
images appear in the reproduced image plane. The 

70 intensities of these diffraction images are given by 

h m = {(a/p) sincfrma/p)}* (2) 

Here, m is the diffraction order, p is the pixel pitch 

75 and a is the width of the pixel aperture. 

Considering the relationship in equation (2), a 
liquid crystal spatial light modulator with an ex- 
tremely large aperture compared to the light - 
blocking member is used. That is, p = 200 urn 

20 and a = 190 urn. When selected like this, the zero 
point (wma/p = it) of the sine function in equation 
(2) nearly overlaps reproduced images of the first 
order or greater. At this time, the light gathered in 
the required reproduced image (0 order diffracted 

25 light) is 82 percent of the total. Since the intensity 
of the diffracted light of one order or greater with 
respect to the intensity of 0 order diffracted light is 
weak enough that it can be ignored, these du- 
plicate images are not scribed on the material. 

30 In the prior art amplitude mask method, only 

that part of the line that outlines the character or 
pattern becomes open, and therefore the utilization 
efficiency of the light ranges from several percent 
to a high of about 10 percent. Moreover, since it is 

35 necessary to scribe at maximum output even for 
characters with few dots to be scribed (e.g., 
periods, commas), it is understandable that light 
utilization efficiency is extremely low. 

Since the intensity of higher order diffraction 

40 images is weak, this presents no problem, but by 
using a dual - diffraction optical system with a 
spatial filter between two lenses, they can be 
completely eliminated. The invention is described 
in another embodiment below. 

45 In the laser scribing device of this embodiment, 

the focal point is adjusted by changing the focal 
length of the lens data superposed on the kinoform 
data according to the distance from the liquid cry - 
stal spatial light modulator to the material to be 

50 scribed. Since the reproduced image can be im- 
aged at the desired position by changing the focal 
length of the lens, scribing on curved surfaces can 
be easily realized. 

In the above embodiment, scribing was per- 

55 formed by recording kinoform data on the liquid 
crystal spatial light modulator, but "rt is possible to 
use holographic data calculated by Fresnel trans - 
form or other optical transform. 
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By means of the above configuration, com- 
pared to cases in which a prior art intensity 
modulation -type liquid crystal spatial light 
modulator is used as an open mask, it is possible 
to 

(1 ) scribe patterns on materials with not only flat 
surfaces but also curved surfaces with a high 
light utilization efficiency and 

(2) scribe images faithful to the original image in 
which speckle noise and other nonuniform in- 
tensity distributions are eliminated by scribing 
while successively rewriting a plurality of 
kinoform data prepared from one input image 
and having mutually differing phase structures. 

In the configuration of this embodiment, it is 
possible to use an optical writing - type liquid cry - 
stal spatial light modulator instead of a matrix 
drive -type liquid crystal spatial light modulator. 
Also, the type of laser source can be selected 
according to the type of material being scribed and 
its surface condition, and argon laser, semicon- 
ductor laser, etc., can be used in addition to YAG 
laser. Further, depending on the laser wavelength, 
the retardation of the liquid crystal spatial light 
modulator can be adjusted to obtain a sufficient 
phase modulation characteristic. 

Second Embodiment 

As described in the first embodiment, since the 
pattern is reproduced by the wavefront regenera - 
tive action of the phase function recorded on the 
phase modulation -type liquid crystal spatial light 
modulator, the light utilization efficiency of the 
scribing method of the invention is extremely good. 
However, since constant light passes through re- 
gardless of the character pattern, characters with 
few dots to be scribed (e.g., periods, commas) are 
bright, while characters with many dots (e.g., kanji 
with many picture elements) are dark. 

This is solved by the invention as described 
below. The adder circuit 207 is added to the con - 
trol device 108 in FIG. 2, and the number of 
display dots of the character data in memory 206 
are counted by this adder circuit 207 (FIG. 5). In 
addition to the trigger signal described above, a 
signal that indicates the total number of display 
dots is sent to the power source 107 for laser drive. 
The power source 107 for laser drive adjusts the 
intensity of the excitation light according to this 
signal so that the intensity of the reproduced im - 
ages is constant. 

Due to the high light utilization efficiency of this 
method, energy consumption is low because of the 
small number of patterns requiring a large laser 
output, which is also beneficial for cooling of the 
device. 



Third Embodiment 

Another configuration of the laser scribing de - 
vice of the invention is shown in FIG. 6. The overall 

5 configuration is the same as the first embodiment. 
However, while the data sent to the liquid crystal 
spatial light modulator are calculated in succession 
in the first embodiment, previously prepared data 
are used in this embodiment. 

w Since the following processing is performed 

efficiently according to a prescribed timing as in 
the first embodiment, control signals are sent from 
the control circuit 301 to each of the circuits as 
required. 

15 The character codes entered from the key- 

board 310 are stored in the input buffer 603. The 
kinoform data corresponding to these character 
codes are read out sequentially from ROM 602 or 
from CD ROM 604 and stored in the output buffer 

20 61 8. Also, these data are sent one frame at a time 
to the drive circuit 108 of the liquid crystal spatial 
light modulator. In addition to the kinoform data, 
the number of display dots of the character data to 
be scribed is stored in the ROM or CD ROM. 

25 In order to reduce the speckle noise of the 

kinoform, pattern scribing is also executed by a 
multiplex exposure method in this embodiment. 
First, a plurality of random data is prepared for one 
input image data. Next, using these respective 

30 random data, the kinoform data are prepared. 
When each of these kinoform is reproduced, 
speckle noise with no mutual correlation is gen- 
erated. By rapidly (video rate) rewriting these, the 
speckle noise is averaged on the reproduced im- 

35 age plane, though the position of the reproduced 
image does not move, and the S/N ratio of the 
image is improved. Since the deviation in the 
characteristics between the pixels of the liquid 
crystal spatial light modulator cancel each other 

40 out, a high quality reproduced image is obtained. 
Actually, absolutely no speckle noise could be 
seen in the reproduced image obtained. 

In addition to the multiplex exposure method, a 
simulated annealing method (refer to Science 220, 

45 671 -680 (1983)) was used for calculating the 
kinoform data in this embodiment. By utilizing data 
after the cost function value has been made suffi - 
ciently small and converged, kinoform data with an 
optimized phase structure can be obtained and a 

50 reproduced image faithful to the input image can 
be obtained. Therefore, multiplexing of the data is 
not necessary since scribing is performed with one 
kinoform, thus allowing a large reduction in the 
storage capacity. 

55 In this embodiment, the 256 characters deter- 

mined by ASCII code are stored in ROM, and 
various font characters and symbols, including kanji 
characters, are stored on CD ROM. Other font 
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characters and symbols can be scribed by chang - 
ing the CD ROM. 

A CD ROM was used as the means for re- 
cording data in this embodiment, but a mag- 
netoopticai disc or hard disk may be used. It is 
also possible to combine either of these with the 
first or the second embodiments. 

Fourth Embodiment 

This embodiment has the configuration of the 
third embodiment with an added mechanism for 
adjusting the laser output. In addition to kinoform 
data, the number of display dots of the character 
data to be scribed is stored in the ROM or CD 
ROM in FIG. 6. A signal indicating this number of 
display dots is sent to the power source 107 for 
laser drive. The power source 107 for laser drive 
adjusts the intensity of the excitation light accord - 
ing to this so that the intensity of the reproduced 
image is constant. 

Due to the high light utilization efficiency of this 
method, energy consumption is low because of the 
small number of patterns requiring a large laser 
output, which is also beneficial for cooling of the 
device. 

Fifth Embodiment 

FIG. 7 shows the configuration of this embodi - 
ment Here, the light from the laser source is 
directly incident on the liquid crystal spatial light 
modulator. There are aberrations in the wavefront 
of the light from the laser source that are specific 
to the structure of the laser resonator. Therefore, a 
means is proposed that scribes while correcting 
these aberrations. 

First, the aberrations are measured in advance, 
and data (aberration correction data) that describe 
the complex conjugate wavefront are stored in 
memory. The place of storage may be part of the 
memory or part of the ROM in the configurations of 
the first to the fourth embodiments, or it may be a 
dedicated memory provided separately. Also, these 
data are recorded on the liquid crystal spatial light 
modulator 104 superposed on the kinoform data in 
sync with the timing of scribing. By correcting 
aberrations in the laser beam in this way, correct 
patterns can be scribed with no distortion. 

FIG. 8 shows another configuration, wherein a 
phase mask 801 that generates a complex con- 
jugate wavefront of the aberrated wavefront is dis- 
posed in front of the liquid crystal spatial light 
modulator. The phase mask 801 is produced by 
ion etching of a glass or quartz substrate. This 
phase mask can be formed in advance on the 
substrate on the side of the liquid crystal spatial 
light modulator where the laser beam is incident. 



An anamorphic optical element or other as- 
pheric optical element is also effective as the 
means for correcting aberrations. 

5 Sixth Embodiment 

This embodiment features the disposition of a 
light -guide member behind the liquid crystal 
spatial light modulator in the first to the fifth em - 

10 bodiments. It's configuration is explained here by 
combining the configuration of the first embodiment 
with a light -guide member configured from a 
plurality of prisms. 

Its configuration is shown in FIG. 9. The pre- 

75 scribed pattern is scribed on the surface of the 
material 106 via the Fourier transformation lens 901 
and the light -guide member 902. FIG. 10 (a) and 
(b) are a side view and a plan view (from above), 
respectively, of the light -guide member 902. The 

20 light -guide member 902 comprises a plurality of 
transparent prisms 1001. The laser beam travels 
through these prisms while undergoing total re- 
flection at the interface between the prism and air. 
By utilizing total reflection to change the direction 

25 of travel of the of the laser beam, loss of light 
energy is much smaller than when a plurality of 
metal mirrors is used. Of course, in order to satisfy 
the conditions of total reflection, the focal length of 
the Fourier transformation lens 801 and the focal 

30 length of the lens that is recorded on the liquid 
crystal spatial light modulator are established in 
advance. 

Using a light - guide member makes it possible 
to shorten the length of the light path and make the 
35 device more compact. 

Seventh Embodiment 

This embodiment features a dual - diffraction 
40 optical system disposed behind the liquid crystal 
spatial light modulator and that comprises a Fourier 
transformation lens, a spatial filter and an auxiliary 
lens. 

The overall configuration is shown in FIG. 11. 

45 The prescribed pattern is imaged and reproduced 
on the surface of the material 106 via the dual- 
diffraction optical system 1101. The magnification 
ratio of the dual - diffraction optical system 1101 
can be freely changed depending on the purpose. 

so The configuration of the dual - diffraction op- 

tical system is shown in FIG. 12. The Fourier 
transformation lens 1201 is used to reproduce the 
pattern from the kinoform recorded on the liquid 
crystal spatial light modulator. Here, in order to 

55 shorten the length of the light path, a Fourier 
transformation lens 1201 with a relatively short 
focal length is used. In order to eliminate the higher 
order diffraction images generated due to the pixel 



9 



17 



EP 0 540 759 A1 



18 



. arrangement on the liquid crystal spatial light 
modulator, a spatial filter 1202 is disposed near the 
Fourier transformation plane of the Fourier trans - 

- formation lens 1201. The spatial filter 1202 is con- 
figured such that the size of its aperture can be 
changed as required. An auxiliary lens 1203 is 
disposed behind the spatial filter 1202 so that the 
pattern to be reproduced can be enlarged in size 
and projected on the surface of the material. 

The introduction of a dual - diffraction optical 
system makes it possible to eliminate higher order 
images and other spurious light so that the pre- 
scribed pattern is sharply scribed. 

Eighth Embodiment 

This embodiment features a drive mechanism 
for the auxiliary lens in the configuration (that which 
introduces a dual - diffraction optical system) of the 
seventh embodiment and a light -guide member 
disposed on the light path of the dual - diffraction 
optical system. 

The configuration is shown in FIG. 13. Here, 
the spatial filter 1202 is disposed outside the 
light -guide member 1301, but it can be disposed 
inside the light -guide member 1301. The drive 
mechanism 1 302 controls the position of the aux - 
iliary lens 1203. The imaging magnification ratio of 
the pattern can be changed within a wide range by 
adjusting the position of the auxiliary lens 1203 
with the drive mechanism 1302. Since the imaging 
plane of the pattern shifts back and forward at this 
time, it is necessary to move the Fourier trans- 
formation lens 1201 and the spatial filter 1202 at 
the same time. In this configuration, the Fourier 
transformation lens 1201 and the spatial filter 1202 
are fixed to one support member, and therefore 
only the support member need be moved. Further, 
by adjusting the focal length of the lens phase 
function superposed on the kinoform data, the size 
of the scribing pattern can finely adjusted. 

Ninth Embodiment 

This embodiment utilizes an amplitude - phase 
modulation -type liquid crystal spatial light 
modulator capable of simultaneously and inde- 
pendently controlling the amplitude and phase of 
the light wave as the means for recording the 
hologram data for pattern reproduction. Other 
principal configuration elements are the same as in 
previously mentioned embodiments. 

FIG. 14 shows the configuration of the 
amplitude - phase modulation -type liquid crystal 
spatial light modulator. In this configuration, a TN- 
mode liquid crystal spatial light modulator 1401 
and an ECB-mode liquid crystal spatial light 
modulator 1402 are coupled together at a suitable 



interval with their corresponding pixels facing each 
other. The amplitude of the light wave is modulated 
by the TN-mode liquid crystal spatial light 
modulator 1401, and the phase is modulated by 

5 the ECB-mode liquid crystal spatial light 
modulator 1402 (refer to Extended Abstracts (The 
52nd Autumn Meeting 1991), 10a-ZK-2, The 
Japan Society of Applied Physics). The hatched 
areas in the figure are the liquid crystal layers in 

w the respective liquid crystal spatial light modula- 
tors. 

By utilizing an amplitude - phase modulator - 
type liquid crystal spatial light modulator, a good 
three-dimensional image can be reproduced, thus 
75 facilitating high quality scribing on material with 
curved surfaces. 

Tenth Embodiment 

20 FIG. 15 shows the configuration of the liquid 

crystal spatial light modulator in the optical device 
of the invention. The liquid crystal spatial light 
modulator comprises the two phase modulation - 
type liquid crystal spatial light modulators a and b 

25 disposed forward and back such that their respec - 
tive corresponding pixels properly face each other. 
The liquid crystal spatial light modulators a and b 
are both ECB-mode matrix drive types, and their 
respective liquid crystal molecular orientations are 

30 perpendicular to each other. The liquid crystal 
spatial light modulator a performs phase modula- 
tion of one of the two polarized components, while 
the liquid crystal spatial light modulator b performs 
phase modulation of the other polarized compo- 

35 nent. In the figure, 1501, 1502 and 1503 indicate 
the element substrate, the liquid crystal layer and 
the opposing substrate, respectively, of the liquid 
crystal spatial light modulator a. Similarly, 1504, 
1505 and 1506 indicate the element substrate, the 

40 liquid crystal layer and the opposing substrate, 
respectively, of the liquid crystal spatial light 
modulator b. Also, the hatched areas in the liquid 
crystal layers 1502 and 1505 are light - blocking 
films. 

45 By making the opposing substrates 1503 and 

1 504 sufficiently thin and optimizing the size of the 
aperture of the liquid crystal spatial light modulator 
b, diffracted light that has passed through the de - 
sired pixels of the liquid crystal spatial light 

so modulator a is prevented from leaking to the ap- 
erture of the pixels of the liquid crystal spatial light 
modulator b. The configuration before and after 
these liquid crystal spatial light modulators and 
their action are the same as in the configurations of 

55 the embodiments described above except that the 
number of drive circuits of the liquid crystal spatial 
light modulators is different. 
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By means of the above configuration, all of the 
polarized components of the light emitted from the 
light source can be utilized to scribe patterns. 

Eleventh Embodiment 

FIG. 16 shows the configuration of the optical 
device of the invention. The beam emitted from the 
laser source 101 is made expanded parallel light 
by the beam expander 102 and the collimating lens 
103, and the action of the polarized beam splitter 
1601 splits it into two polarized components per- 
pendicular to each other, which are then incident 
on the ECB-mode phase modulation - type liquid 
crystal spatial light modulators 1605a and 1605b. 
Further, the prescribed pattern is reproduced from 
the respective polarized components by the action 
of the Fresnel transform type kinoform data re- 
corded on the liquid crystal spatial light modulators 
1605a and 1605b. The kinoform data recorded on 
the two liquid crystal spatial light modulators 1605a 
and 1605b may or may not be the same. The 
directions of orientation of the liquid crystal mol- 
ecules in the liquid crystal spatial light modulators 
1605a and 1605b are made perpendicular to each 
other. The two polarized components that pass 
through the liquid crystal spatial light modulators 
1605a and 1605b are guided by the mirrors 1603 
and 1604 and recombined in the polarized beam 
splitter 1602, from which they are incident on the 
dual - diffraction optical system. The subsequent 
configuration and action are the same as in the 
previously described embodiments except for the 
number of drive circuits for the liquid crystal spatial 
light modulators. In the figure, 1606a and 1606b 
are the respective drive circuits of the liquid crystal 
elements 1605a and 1605b. Descriptions of the 
control device, input device and laser power source 
in the figure are omitted here. 

The configuration in FIG. 16 is based on the 
seventh embodiment, but it is not limited to this 
and it can be based on any of the first to the eighth 
embodiments. 

By means of the above configuration, all of the 
polarized components of the light emitted from the 
laser source can be utilized to scribe patterns. 

Twelfth Embodiment 

This embodiment features a means for mea- 
suring the surface shape of the material to be 
scribed at the place of scribing. The means that 
measures the surface shape of the material to be 
scribed includes an autofocus method, a pattern 
projection method and a light interference method 
(refer to O plus E, No. 126, 87096 (1990)). The 
kinoform data (or hologram data) are prepared by 
computer from the shape data obtained by these 



means and displayed on the liquid crystal spatial 
light modulator. 

By providing a means for measuring the sur- 
face shape of the material to be scribed, scribing 
5 can be performed more quickly on a variety of 
materials with no specific surface shape. 

Thirteenth Embodiment 

w FIG. 17 shows a robot on which the laser 

scribing device of the invention is mounted. The 
robot is an articulated robot, and the laser scribing 
device 1705 described in the previous embodiment 
is mounted on the arm 1704. The laser source 

75 1701 is disposed separate from the main robot unit 
1703. Therefore, the emitted beam is guided by 
the optical fiber 1702, and after it is made parallel 
light by the collimating lens disposed in the laser 
scribing device 1705, it illuminates the liquid cry- 

20 stal spatial light modulator also disposed in the 
laser scribing device 1705. Further, the pattern is 
reproduced from the kinoform recorded on the liq - 
uid crystal spatial light modulator and is scribed on 
the material. 

25 Depending on the structure of the robot and 

the operating environment, the optical fiber can be 
either (1) disposed on the surface of the robot 
housing or (2) disposed inside the housing. In FIG. 
5, the drive circuit for the liquid crystal spatial light 

30 modulator, the memory, the computer, etc., are 
omitted. 

By mounting the laser scribing device on an 
articulated robot, the following is made possible. 

(1) A plurality of different patterns can be 
35 scribed on one material by updating the phase 

structure recorded on the liquid crystal spatial 
light modulator in sync with the movement of 
the robot arm. 

(2) Differing patterns can be scribed on a plu - 
40 rality of materials by updating the phase struc - 

ture recorded on the liquid crystal spatial light 
modulator in sync with the movement of the 
robot arm. 

(3) High quality scribing can performed even on 
45 materials with complex shapes because the 

position of the liquid crystal spatial light 
modulator can be determined with high preci- 
sion by controlling the arm. 
In the configuration of this embodiment, the 
so laser source, drive circuit for the liquid crystal 
spatial light modulator, memory, computer, etc., 
can all be disposed inside the robot housing. 

Fourteenth Embodiment 

55 

A three-dimensional formation device that 
applies the optical device of the invention is ex- 
plained. 
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FIG. 18 shows the configuration of the three- 
dimensional formation device. First, using the op - 
tical device 1803 of the invention, a two-dimen- 
sional pattern 1804 is reproduced in a resin bath 
1801 filled with photocuring resin 1802. This 5 
causes the resin to harden in the shape of the 
pattern 1804. Next, the focal length of the lens 
function superposed on the kinoform data is 
changed, a pattern corresponding to a different part 
is reproduced, and the resin at that part is har- io 
dened. By repeating this process, a three - di- 
mensional object is ultimately formed. 

Also by means of the invention, the generation 
of speckle noise is suppressed by using the re- 
cursive calculation method or multiplex recording 75 
method described in the embodiments, thus mak - 
ing it possible to perform uniform resin hardening 
with no unevenness. Examples of experimental 
results are shown in FIG. 19. FIG. 19 (a) shows the 
pattern to be reproduced. Only 1901 in the square 20 
area is hardened and the area outside that area is 
left unhardened. When one set of kinoform data are 
reproduced, the intensity distribution on the straight 
line 1902 of FIG. 19 (a) becomes as shown in FIG. 
19 (b). Deviations in this intensity are due to 25 
speckle noise. When a plurality of kinoform data 
are reproduced while successively rewriting them 
by the multiplexing recording method, however, the 
speckle noise is averaged and deviations in the 
intensity are eliminated as shown in FIG. 19 (c). By 30 
hardening the resin in this manner, resin outside 
the square area hardens very little even if relatively 
strong light should strike it momentarily since the 
accumulated exposure is small. Inside the square, 
however, the accumulated exposure is uniform 35 
everywhere and there are no dropouts in the pat- 
tern. 

As described above, while the resin on one 
plane surface is being hardened, patterns are re- 
produced while successively rewriting a plurality of 40 
kinoform data by either recursive calculation or 
multiplex exposure and hardening of the resin 
progresses, and when it has been sufficiently har - 
dened, the focal length of the lens function super - 
posed on the kinoform data is changed and the 45 
same process is repeated. By this means, a high 
quality, three-dimensional object is formed. 

Since the light utilization efficiency is high and 
there is no need to scan the laser beam two 
dimensionally in this embodiment, three -dimen- 50 
sional objects can be quickly formed. 

A phase modulation - type liquid crystal spatial 
light modulator was used in this embodiment, but 
by using an amplitude - phase modulation - type 
liquid crystal spatial light modulator, a three di- 55 
mensional image can be reproduced all at once, 
thus further simplifying three - dimensional forma - 
tion. 



Applicability to Industry 

By means of the invention, patterns are repro - 
duced from computer holograms recorded on a 
liquid crystal spatial light modulator, and these 
patterns are projected and scribed on a material. 
This is the principal difference from the prior art in 
which scribing was performed by displaying the 
patterns as is on the liquid crystal spatial light 
modulator as intensity distributions and projecting 
the intensity distributions on the material by means 
of a lens system. 

The optical device of the invention offers the 
following advantages. 

(1) By reproducing patterns from computer 
holograms recorded on phase modulation -type 
liquid crystal spatial light modulators, desired 
patterns can be scribed on both flat and curved 
surfaces with extremely high light utilization ef - 
ficiency. 

(2) By using the recursive calculation or mul- 
tiplex exposure methods described here, non- 
uniform intensity components occurring in the 
reproduced image plane are eliminated and high 
quality scribing with no dropout or running can 
be performed. 

(3) Demand for scribing a large variety of pat- 
terns a little at a time can be easily accom- 
modated by merely changing the data input to 
the liquid crystal spatial light modulator. There - 
fore, the work and cost required to produce 
masks can be greatly reduced. 

(4) Further, by mounting the optica! device of 
the invention on a robot and using it, restrictions 
on the shape, attitude, etc., of the material to be 
scribed can be greatly relaxed, thus facilitating 
scribing with good productivity. 

(5) In application to three - dimensional forma - 
tion using photocuring resin, high quality for- 
mation can be completed in a short time. 

The above advantages are expected to greatly 
further the practical application of optical scribing 
devices and optical three-dimensional formation 
devices. 
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Claims 

1. An optical device for reproducing patterns in 
space and comprising at least a coherent light 
source, a spatial light modulator for controlling 
the wavefront of the light from the coherent 
light source, and a means that records the 
complex amplitude distribution on the spatial 
light modulator. 

2. The optical device of claim 1 wherein the 
complex amplitude distribution is a phase 
distribution. 

3. The optical devices of claims 1 and 2 
equipped with an optical system for guiding 
the light from the coherent light source to the 
spatial light modulator and an optical system 
for guiding the light from the spatial light 
modulator to where the pattern is to be repro - 
duced. 

4. The optical devices of claims 1 to 3 wherein 
the data input to the spatial light modulator is 
prepared based on the complex amplitude 
distribution corresponding to the diffraction 
image of the pattern to be reproduced. 

5. The optical devices of claims 1 to 4 provided 
with a means that stores the data input to the 
spatial light modulator. 

6. The optical devices of claims 1 to 5 wherein 
the means that prepares the data input to the 
spatial light modulator is equipped with at least 
a means for Fourier transformation. 

7. The optical devices of claims 1 to 6 wherein 
the means that prepares the data input to the 
spatial light modulator is equipped with at least 
a means for seeking inverse tangents. 

8. The optical devices of claims 1 to 7 wherein 
the means that prepares the data input to the 
spatial light modulator is equipped with at least 
a means for generating random numbers. 

9. The optical devices of claims 1 to 8 wherein 
the means that prepares the data input to the 
spatial light modulator is equipped with at least 
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a means for seeking the lens phase distribu - 
tion. 

- 10. The optical devices of claims 1 to 9 provided 
with a means that changes the output of the 
coherent light source nearly proportionally to 
the area of the pattern to be reproduced (that 
part where the intensity is not zero). 

11. The optical devices of claims 1 to 10 provided 
with a means for correcting wavef ront aberra - 
tions of the light from the coherent light 
source. 

12. The optical devices of claims 1 to 11 wherein a 
light -guide member is provided between the 
spatial light modulator and where the pattern is 
to be reproduced. 

13. The optical devices of claims 1 to 12 wherein a 
Fourier transformation lens is provided be- 
tween the spatial light modulator and where 
the pattern is to be reproduced. 

14. The optical devices of claims 1 to 13 wherein a 
dual - diffraction optical system comprising a 
Fourier transformation lens and an auxiliary 
lens is provided between the spatial light 
modulator and where the pattern is to be re- 
produced and a spatial filter is provided be- 
tween the Fourier transformation lens and the 
auxiliary lens. 

15. The optical device of claim 14 provided with 
an auxiliary lens and a drive means. 

16. The optical devices of claims 1 to 15 wherein 
the spatial light modulator is a phase modula- 
tion type. 

17. The optical devices of claims 1 to 15 wherein 
the spatial light modulator is an amplitude - 
phase modulation type. 

18. The optical devices of claims 1 to 17 wherein 
the spatial light modulator is a liquid crystal 
spatial light modulator. 

19. The optical device of claim 18 wherein the 
liquid crystal spatial light modulator comprises 
two phase modulation -type liquid crystal 
spatial light modulators disposed forward and 
back such that their respective corresponding 
pixels correctly face each other. 

20. The optical device of claim 18 provided with 
two light paths whose polarization directions 
are perpendicular to each other and liquid 



crystal spatial light modulators disposed in 
each of the light paths.. 

21. The optical devices of claims 1 to 20 wherein 
5 the liquid crystal spatial light modulator uses 

an active matrix drive system. 

22. The optical devices of claims 1 to 21 provided 
with a means that measures the surface shape 

70 of where the pattern is to be scribed. 

23. An optical processing system comprising the 
optical devices of claims 1 to 22 and a robot 
for mounting the optical devices. 

75 

Amended claims 

1. An optical device for reproducing patterns in 
space and comprising at least a coherent light 

20 source, at least one spatial light modulation 

means for controlling the wavefront of the light 
from said coherent light source and a means 
that records complex amplitude data on said 
spatial light modulation means, wherein the 

25 means that records complex amplitude data on 

said spatial light modulation means is 
equipped with at least a means that inputs the 
desired reproduction pattern data, a means 
that generates random number data and a 

30 means that executes Fourier transformation. 

2. The optical device of claim 1 wherein the 
means that records complex amplitude data on 
said spatial light modulation means is 

35 equipped with a means that stores the com- 

plex amplitude data and a means that stores 
the number of dots in those parts of the de- 
sired reproduction pattern data where the data 
are not zero. 

40 

3. The optical device of claim 1 wherein the 
means that records complex amplitude data on 
the spatial light modulation means has a stage 
that combines the desired reproduction data 

45 and random number data and a means that 

seeks the complex amplitude data by Fourier 
transformation of the resulting data. 

4. The optical device of claim 1 wherein the 
so means that records complex amplitude data on 

said spatial light modulation means has a 
stage that combines the prescribed reproduc - 
tion pattern data and random number data, 

1 ) stage that performs Fourier transforma - 
55 tion of the resulting data, 

2) stage that performs Fourier transforma - 
tion one more time on the data obtained in 
said 1), 

14 
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3) stage that calculates the error between 
the data obtained in said 2) and said pre - 
scribed reproduction pattern data, and 

stage that seeks complex amplitude 
data by repeating the process from said 1) 
to 3) until the error becomes smaller than a 
previously set value or for a previously set 
number of times. 

5. The optical device of claim 3, 4 or 7 wherein 
the means that records complex amplitude 
data on said spatial light modulation means 
has a means that seeks the inverse tangent 
and a means that quantizes the data obtained 
by the means that seeks said inverse tangent. 

6. The optical device of claim 1 equipped with a 
first optical system for guiding the light from 
said coherent light source to said spatial light 
modulation means and a second optical sys- 
tem for guiding the light from said spatial light 
modulation means to where the desired pattern 
is reproduced. 

7. The optical device of claim 1 wherein the 
means that records complex amplitude data on 
said spatial light modulation means has a 
means that generates lens phase data, and the 
means that records complex amplitude data on 
said spatial light modulation means has a 
stage that combines the desired reproduction 
pattern data and random number data, a stage 
that performs Fourier transformation of the re - 
suiting data and a stage that seeks complex 
amplitude data by combining said lens phase 
data with complex amplitude data obtained by 
Fourier transformation. 

8. The optical device of claim 3, 4 or 7 wherein 
said random number data are not correlated 
between different frame units of said spatial 
light modulation means. 

9. The optical device of claim 8 wherein said 
random number data is 1 or - 1 . 

10. The optical device of claim 1 wherein the 
means that records complex amplitude data on 
said spatial light modulation means has a 
means that adjusts the output of the coherent 
light source according to the number of dots in 
areas where the desired reproduction pattern 
data are not zero. 

11. The optical device of claim 1 wherein the 
means that records complex amplitude data on 
the spatial light modulation means has a 
means that stores the complex conjugate 



phase data of wavefront aberrations for cor- 
recting wavefront aberrations of the light from 
said coherent light source and also has a stage 
that combines said phase data with complex 
5 amplitude data for recording on said spatial 

light modulation means. 

12. The optical device of claim 1 wherein a phase 
mask that generates complex conjugate 

10 wavefront of wavefront aberrations is provided 

between said coherent light source and said 
spatial light modulation means in order to 
correct wavefront aberrations of the light from 
said coherent light source. 

75 

13. The optical device of claim 12 wherein the 
second optical system for guiding the light 
from said spatial light modulation means to 
where the prescribed pattern is reproduced is 

20 provided with a light guide member and said 

light guide member has the action of guiding 
light by means of total reflection at the inter- 
face between a transparent member and air. 

25 14. The optical device of claim 12 wherein the 
second optical system for guiding the light 
from said spatial light modulation means to 
where the prescribed pattern is reproduced is 
provided with a Fourier transform lens. 

30 

15. The optical device of claim 12 wherein the 
second optical system for guiding the light 
from said spatial light modulation means to 
where the prescribed pattern is reproduced is 

35 provided with a dual diffraction optical system 

comprising a Fourier transform lens and an 
auxiliary lens and a spatial filter is provided 
between said Fourier transform lens and said 
auxiliary lens. 

40 

1 6. The optical device of claim 1 5 equipped with a 
moving means for said auxiliary lens. 

17. The optical device of claim 1 wherein said 
45 spatial light modulation means is a liquid cry - 

stal spatial light modulation means. 

18. The optical device of claim 17 wherein said 
liquid crystal spatial light modulation means is 

50 a phase modulation type. 

19. The optical device of claim 18 wherein said 
liquid crystal spatial light modulation means 
comprises two phase modulation - type liquid 

55 crystal spatial light modulation means, said 

phase modulation type liquid crystal spatial 
light modulation means are disposed forward 
and back such that their corresponding pixels 
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correctly oppose each other and the phase 
modulation orientations are perpendicular to 
each other. 

20. The optical device of claim 17 wherein said 5 
liquid crystal spatial light modulation means is 
a complex amplitude modulation type. 

21. The optical device of claim 20 wherein said 
complex amplitude modulation type liquid io 
crystal spatial light modulation means com- 
prises a twisted nematic (TN) mode amplitude 
modulation type liquid crystal spatial light 
modulation means and an electrically con- 
trolled birefringence (ECB) mode phase mod - 15 
ulation type liquid crystal spatial light modula - 
tion means, and said liquid crystal spatial light 
modulation means are disposed forward and 
back such that their corresponding pixels cor - 
rectly oppose each other. 20 

22. The optical device of claim 17 wherein said 
liquid crystal spatial light modulation means is 
driven by an active matrix method and the 
pixel pitch is the same in both the horizontal 
and vertical directions. 



23. The optical device of claim 17 wherein said 
liquid crystal spatial light modulation means is 
an optically addressed means. 

24. The optical device of claim 1 wherein two light 
paths are provided for the two respective light 
components whose directions of polarization 
are perpendicular to each other and two spatial 
light modulation means whose modulation ori - 
entations are perpendicular to each other are 
disposed in the respective light paths. 

25. The optical device of claim 1 equipped with a 
means for measuring the surface shape of 
where the prescribed pattern is to be repro- 
duced. 

26. An optical processing system equipped with 
the optical device of claim 1 and a robot for 
mounting said optical device. 

27. Optical device wherein in the optical device of 
claim 1 for generating patterns in space, said 
spatial light modulation means is a phase 
modulation type liquid crystal spatial light 
modulation means and the means that records 
complex amplitude data on said phase modu - 
lation type liquid crystal spatial light modula - 
tion means has at least a means for inputting 
the prescribed reproduction pattern data, a 
means for generating random number data and 



a means for executing Fourier transformation, 
and said optical device has a stage that com - 
bines the prescribed reproduction pattern data 
and random number data and a stage that 
seeks complex amplitude data by Fourier 
transformation of the resulting data. 

28. The optical device of claim 27 wherein the 
means that records complex amplitude data on 
said phase modulation type liquid crystal 
spatial light modulation means has a means for 
recording complex amplitude data and a 
means that stores the number of dots in those 
parts of the desired reproduction pattern data 
where the data are not zero. 

29. The optical device of claim 28 equipped with 
Fourier transform lens that acts on the 
wavefront of the light emitted from said phase 
modulation type liquid crystal spatial light 
modulation means. 

30. The optical device of claim 28 wherein said 
random number data are not correlated be- 
tween different frame units of said phase 
modulation type liquid crystal spatial light 
modulation means. 

31. The optical device of claim 30 wherein said 
30 random number data is 1 or - 1 . 

32. The optical device of claim 28 wherein the 
means that records complex amplitude data on 
said phase modulation type liquid crystal 

35 spatial light modulation means has a means 

that adjusts the output of the coherent light 
source according to the number of dots in 
areas where the intensity of the desired re- 
production pattern data are not zero. 

40 

33. The optical device of claim 28 wherein said 
phase modulation type liquid crystal spatial 
light modulation means is driven by an active 
matrix method and the pixel pitch is the same 

45 in both the horizontal and vertical directions. 

34. The optical device of claim 28 wherein said 
phase modulation type liquid crystal spatial 
light modulation means is an optically ad- 

50 dressed means. 

35. The optical device of claim 1 wherein the 
means that records complex amplitude data on 
said spatial light modulation means has a 

55 means that counts the number of dots in areas 

where the desired reproduction pattern data 
are not zero. 
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36. The optical device of claim 28 or 27 wherein 
the means that records complex amplitude 
data on said spatial light modulation means 
has a means that counts the number of dots in 
areas where the desired reproduction pattern 5 
data are not zero. 

37. The optical device of claim 27 or 28 wherein 
the means that records complex amplitude 

data on said spatial light modulation means 10 
has a means that seeks the inverse tangent 
and a means that quantizes the data obtained 
by the means that seeks said inverse tangent. 

Brief statement of amendment under article 75 
19(1) 

Amendment of the claims are done in order to 
clarify the differences between the present inven - 
tion and the cited references and in order to clarify 20 
the features of the present invention by using more 
suitable form and composition based on the em- 
bodiments. The details are shown as below. 

1. This claim is represented by combining claim 

1. 4, 6 and 8 as filed in order to clarify one of 25 
the features of the present invention, which 
shows a composition of control means for liquid 
crystal panel. 

Claims of the cited references JP,A,2- 20823 
disclose basic structure of spatial light modu- 30 
lating mean which is similar to the present in - 
vention. 

The present invention adopts a means that 
generates random number data to the com- 
position of control means for liquid crystal panel 35 
and then obtained reproduction pattern's quality 
is improved. 

2. This claim is represented by combining claim 
1, 4, 5, 6 and 8 as filed and clarify one of the 
features of the present invention, which shows a 40 
composition of control means for liquid crystal 
panel. 

3. This claim replaces claim 4 as filed in order 
to clarify one of the features of the present 
invention, which shows a composition of control 45 
means for liquid crystal panel. 

Claims of the cited references JP,A,2- 20823 
disclose basic structure of spatial light modu- 
lating mean which is similar to the present in - 
vention. 50 
The present invention adopts a means that 
generates random number data to the com- 
position of control means for liquid crystal panel 
and then obtained reproduction pattern's quality 
is improved. 55 

4. This claim is represented by combining claim 
1 , 4, and 6 as filed in order to clarify one of the 
features of the present invention, which shows a 



composition of control means for liquid crystal 
panel. 

Claims of the cited references JP.A.2- 20823 
disclose basic structure of spatial light modu- 
lating mean which is similar to the present in - 
vention. 

The present invention adopts a means that 
generates random number data to the com- 
position of control means for liquid crystal panel 
and then obtained reproduction pattern's quality 
is improved. 

5. This claim replaces claim 7 as filed and this 
claim uses more suitable expression in order to 
clarify the features of the present invention. 

6. This claim replaces claim 3 as filed and this 
claim uses more suitable expression in order to 
clarify the features of the present invention. 

7. This claim replaces claim 9 as filed and this 
claim uses more suitable expression in order to 
clarify the features of the present invention. 
Claims of the cited references JP,A,2- 20823 
disclose basic structure of spatial light modu- 
lating mean which is similar to the present in - 
vention. 

The present invention adopts a means that 
generates random number data to the com- 
position of control means for liquid crystal panel 
and then obtained reproduction pattern's quality 
is improved. 

8. This claim replaces claim 8 as filed and this 
claim uses more suitable expression in order to 
clarify the features of the present invention. 

9. This claim is new and this claim is added 
contents related to claim 8 as filed. 

10. This claim replaces claim 10 as filed and 
this claim uses more suitable expression in or - 
der to clarify the features of the present inven - 
tion. 

11. This claim clarifies the expression of claim 
11 as filed based on the embodiments. 

12. This claim clarifies the expression of claim 
11 as filed based on the embodiments. 

13. This claim replaces claim 12 as filed and 
uses more suitable expression in order to clarify 
the present invention. 

14. This claim replaces claim 13 as filed and 
uses more suitable expression in order to clarify 
the present invention. 

15. This claim replaces claim 14 as filed and 
uses more suitable expression in order to clarify 
the present invention 

16. This claim replaces claim 15 as filed and 
uses more suitable expression in order to clarify 
the present invention 

17. This claim replaces claim 18 as filed and 
uses more suitable expression in order to clarify 
the present invention 
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18. This claim replaces claim 16 as filed and 
uses more suitable expression in order to clarify 
the present invention 

19. This claim replaces claim 19 as filed and 
uses more suitable expression in order to clarify 5 
the present invention 

20. This claim replaces claim 17 as filed and 
uses more suitable expression in order to clarify 
the present invention 

21. This claim is represented by combining io 
claim 17 and 18 as filed in order to clarify the 
present invention 

22. This claim replaces claim 21 as filed and 
uses more suitable expression in order to clarify 

the present invention 75 
Claims of the cited references JP.A.2- 20823 
disclose basic structure of spatial light modu- 
lating mean which is similar to the present in - 
vention. 

In the present invention, the pixel pitch of liquid 20 
crystal panel in x- direction and y- direction is 
equal and then reproduced images that have 
faithful x-y ratio to the original images can be 
obtained. 

23. This claim replaces claim 18 as filed and 25 
uses more suitable expression in order to clarify 

the present invention 

24. This claim replaces claim 20 as filed and 
uses more suitable expression in order to clarify 

the present invention 30 

25. This claim replaces claim 22 as filed and 
uses more suitable expression in order to clarify 
the present invention 

26. This claim replaces claim 23 as filed and 
uses more suitable expression in order to clarify 35 
the present invention 

27-26. These claims are new claims and these 
claims show combination patterns of the best 
modes of the present invention. 

40 
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equipment which can control the movement of a forcal 
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simple constitution, and a laser working method. 
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(57)Abstract 

PURPOSE: To provide a laser beam processing method 
and a laser beam machine capable of easily washing a 
sample surface without requiring intricate stages and 
decreasing the deposits formed on this sample surface. 
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the laser beam 2. 
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(54) LASER BEAM MACHINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To simply mount/demount 
an object to be machined and to prevent the machining 
precision of the object to be machined from lowering by 
providing in a laser beam path a container whose one 
end part is opened facing a moving stage and whose 
other end is closed. 

SOLUTION: An object to be machined 6 is fixed to an 
XYZ stage 7 and the XYZ stage 7 is moved under a 
container 8. Successively, by descending a side wall part 
8b toward the XYZ stage 7 with a moving part 20, the 
lower end part of a side wall part 8b is abutted thereon 
through an O ring 12. After the inside of a container 8 is 
evacuated to a vacuum state through vacuum valves 
11a, 1 1b, a laser beam 2 having an intensity of an 
abrasion threshold value irradiates from a laser oscillator 
1 toward the object to be machined 6. When abrasion 
machining is completed, the inside of the container 8 is 
gradually returned to the atmospheric pressure by 
opening the vacuum valve 11a, 11b, the side wall part 8b 

is moved upward by the moving part 20, and after the side wall part 8b is separated from the 
XYZ stage 7, the object to be machined 7 is taken out from the XYZ stage 7. 
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WaxWc. U— «f WHI*» 5> u— if 3t«IM«- S £ £ 
Kit) Bfflarai»©*ffi©Bfc£i«i*fT* 5 U— 9*1 

tci^— 9%*3KflUT8Sif"rs^£i^ -SBWtRtt 
a*»64*C4:*»«k1-Sllias« i f2»©U-^tnX 

Sffo 

[M2BS3] ttGHS^a^, S»rtlc\y$2»Sttl& 20 

•t * k 1 1 5 nfc^ u 9 a ^sassi 
n^'j^A^g-t^B^isks *»64*cfc*i* 

ft£-r£»:£9 i IBecoi^-^iDl^fio 

jstt»ft»*«*s-r -s a*^ 6 ft 5 £ k *tf « 1 1 
ztmm i IBS© U— Wai*M. 

-+fijDlSHc 30 

ifB«©U— IfioiSBo 

£ i: £1# ft fc 1" S8»*3I l - 6 faftfrfcKtt© U— fin 
Hi. 
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BBSOM-raailHMH *ftEli, U— >f3fc*«^T 
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ttS^©ffiS*B*£ fctf?#3l^1fi^X£■fcH■t 
Se 
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K£*©fifl§] Hftt, u— *fwc&vXGw®m%? 

*»6ft*ttlfflIttl0£ffi*li!t*"f577'U--i >sa >kQX 

*5 1 5 U— VyVtWMt £ £ k t £ 0 , ttftlltoO* 
fflfr&t)ft*mtf ft <fc 5 UTVS. 
[0 0 0 3] ££3T\ COTXP-^H^iOXT-tt, 

kUTte, E&lfeMcWxiXVoZW^tn 
£«rt*«EUTJI2««KU coJ^TftiinitoO 

ffljaxn%mfrt>W!)^?^z (£o*9ftse*»"Jk 

UT8\ 09*tfs #l¥3-l 2 9 8 8 6*£Sk ttH 
¥4-3 6 2 1 7 »8fl¥6-6 8 4^&«* 

[0 0 0 4] 

[WBtfl»LJ:5i:-r*iWD UfrUfttf^ £©£ 
5fttS6*<0*S«UcJ:*(*SHfcOIfti»ffiEa5oTtt, 

-3?£B£2ftfc^T?JKatE5tfttte>*V U— ffS 
SidtftoTVSjbV £©I^tlis K^ffirt^iOX 

u\) ^6SJ0X»*H3EfllF«3fcBl#tt -WD^L-rSfc 

• BltJ^L-r^KOfflli^llfCffiffilft 
fe^kftoTL^-pfc 

[0005] Sfc, K^*k:«inift%iRtttfctt»"C 

SW^jgBtftoT US a k k U— «f Jtt©iM*ffl 
0**ftStt**S«K:K^ft<Tt4ft6ft^fci&x * 

rcftB3L&.vatfH£m<Dmmcm ut u-if *oia« 

B«*SfcTinmS*S{fcS-£TU3:ofc*K Sttk 

[0 0 0 6] Sfc, ^jRETTf-a-r^/X;^*^ 
Siax^Sffi^^x^f^ttfc 1 ?, a&*v>ttsa3l"fs 

^■S-SfeiiXDES^gfcftoTUS^fcfcfeKx K 
^«F | gT'OK^ijDXtJ±^5i:{vf*^i^<S2i$-&iH/^ 
o^HH^feofc. Sfc> {•t»%^^iUg<-r?.fci6 
*l<OjffX*«295k UT^SlO^yX^Sk 
ftoTnxhi§£ffi*2-£TU£5i:^-?T#l£tffS£ 
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[0 0 0 73 *ISJI3tt> S£*©±54^*©S§§^1t 

5 c i: 4 < » *bQX»fr 6 »s * nfc#*£js»tf*a»i 
tsfcfcfcfc, jRtttfftfc«¥fc8«i*i*iinx»fiafc 

* s k t t,K«#oif nic** u-**ai*off;T«» 

«LT«iiiI*Olnill*3Wfi;T-t*0*K±"r*ci: 
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t « J: o It LT<*»W**»Cfi»*** C 5 
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[0009] HWiSi 4f5«©5693W\ 1 K«<D5£ 

LT> %&&1M1nX u— 9 s jt©a**<fiT-r sett 

S [°oo i o] ««a6E«o»Bi4. nt#«iK«©is 
3icbT, sanxftfr&isssftfc^^tttffttax 40 

£*,fc?»cLT\ MtnXtlSffiO^§[Sm%7yu— > 

{^^itLt, joxRM**SKgai-rsz: £#T* 
# 5 \s-ifbuxgm*mm a C t * @ « t ltv s. 
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^^{b^S^ c 3 u— if iinxg|B*St&"$"5 c 

[0 0 12] 

[HM^S^-rsfcfe^^lS] »** 1 ekopkbh^ 

*s8^&ft5*bnxfcfc. WtfSBHHr&l'-lf* 
j&SRWrsc tcj: t)Kttiiix«i<o*ffioi»4iox*tT 
3S:o l - tfiraxSHT-fcoT, 

[0 0 13] ^O^, pjft*x-s;»z:*tLT38*« 
n, CO«»TS»ft3WlPX*B!aE*JiJ=W6*tl 

[0014] sfc, £§§£ffig7 1 c¥&#R#e>n£><D 
ffijaJM<Dijaxn&tM&l : ?Zz titter* 

[0015] nsmztEmoiBNt* ±sam*ts&t 

[0 0 16] «*«3E«©«WI*. ±i2^fi^M&-r 

ttf&^at, s§§7b^sf^n?.^y >> a*bmh-*» 

mim i EKoswofffflKtoxT. «»rtt^y ^-^ 
wmz na chtiot, f**«i^ y ■> ac®^ l 
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[0017] »2aw4E«o»fitt» ±ejwk*»bw 

a>f£jb>&ft?>£k^&^£>t><DT&3 0 

[0 0 18] »**5E«05EW14» ±ISHS^^-r 
Sfcfcfc, ■*« l e«fl>5W!t*^T, «MB#¥*fc 

omiaiSKWttT-r * c t visits ns. 

[0 0 19] tf*«6EM<D?tBJ3&, ±EBHB*«B*"r 
•f* fcOTfcSo 

[0 0 2 0] »«3«7E«058Wtt» ±EHHi*«B*-9" 

mmzKZo Lfc*^T, ®ijox%sffi©m£fc@R>w 

Lfc * S ©#«T* RlttT-x- 5?%Rl» LTgft 2>Sffl© 

sgsoxuH^c^-rsfWFSt^ *) , Jjox^f^ 
[0021] ««3«8E«o»Btt» ±iBHfi*«a-r 4 

&fe©T$>?> 0 

[0 0 2 2] *<D*&, I - 7 ffinfrtEKOfe 
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[0 0 2 3] 

Vffit So 0 1 tt*5HBt«* U— «f inx«Boa l * 
SHW^-TH-efcOs «MWU*fctt2lcJttSl/C^ 

$t\ *j£*«93-rs. 0 1 fctn^x, i ttx*s/ 
iisi^&awsnftw— »f*2ttx vt.^3%51ot 

££*fS7-4CJ;oT£Kit£ft, 0t# 
ft s&inxft 6 .LfcfiKSWS n5. c (omnxWo 6 

& 3 &7ttfa\c®?mws. *mxT-v-e&z * Y Z 7> 

[0 0 2 4]-*, U-U%2 03t»*Ktt4«*»6ft 
*Si§8iflKtte»ftT*i»J. !!<DSfS8«±4gSE (fl!!* 
5$) 5> nfcBflggP 8 a 33 i tf 8 a 

XYZX7 L -^7£#ftLTR8P-f ; i>lgS& (— iBffl) * 

:rr*flas88 bictffj^n, ibsbbs atsi/J^ 

£IRtttt?>nT@££nT*5»?, C©BB£»8 afcftIB 
gP8b©IHERl»» (M 20««»6tU C©rT 
»|g|520K i o Tftfiffl 8 b Bgi&ffi 8 a tcWLT b-if 

PB-rs*-3fc4oTi^5. ft*, c0njiii»2Q«HS® 

8 a fcfflllSffl 8 b%m*L%.^>>-)lV yVKftLTM 
mt S C tT*fJ|ggi5 8 b ^P.flSSP 8 a tc^LT^Kl^-a: 

[0 0 2 5] tfc «aW8 b£ttKS^gH3J:tfj*ff 
#g LT ©Kffi/<;1/71 la, 1 1 b JbW" 5> nx 33 D , 

) Ztu H3»E»KJ;oTS»8rt%i*E1"S*?E*^ 
Ti/^c §BgaP8bO"F«a5fctt*K^ai:bT 

oou y^i23WR»6nrfe»), qii!igi52ocioT§jiii 

bOtfffl(40y>^l2*^bTXYZ^-^7t^» 

sn*ctc*«3«S8rtt4ffiH«n%. 

[0 0 2 6] ftffi*W!8t«. XYZZx 
-^7CSlDltt6*I)tLftft, lOXYZXt->* 
7«:^il8©T*K^®l^-&5 0 XYZ^r 
-5? 7 * J»ff LT J* 'hU >X 5 k IttDX* 6 ©loittB 
0 ^{ytB^i6-ri»o B«WB20K:j:oT«H»8b 
*XYZ7t->*7 1 fi|*»o TTBS *«fiSS 8 b ©T 

«ga*ou^^i2*^bTa»s-&s. 

[0 0 2 7] *V»T, H^/^^llax llb%MLT^ 
»8 rt**ELTX2ttaUS*, U-1f»WB i *^e» 

*t*u-if3t2*sairr*. ftfc, cofsaau— if 

/^l/XWSTR*** 1 , *IWJTii, 248 n 
m, K r Fx*->vU- >f T 4 OmJ /^WKSSS 

50 [0 0 2 8] £©L-+Fft2l±, 7X^3^Iott5 
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nx&ijoxft6±£^seJt2ftS£k£±^ &inx 

ft 6 &77U-is 3 >iOX£ftS 0 COiPIifc U— If 

it. $»8rt^nffi«ff«nT^5fc», flaw***** 

[0 0 2 9] 77U-i/3y1)UXt>m7t2>ts 
;l/7lla, llbKi-3T«S8rt*»«Jc*»EKRb 10 
tc'&. RTIWK0K:«J:oTfllSaP8b*±S»C»»**S 

fcft, XYZ7t->' 7A»6SllPI»7%8l»?m-ro C 

7f-^ 7 K^LTPipr s 1 1 ticamtfiotet 
•r 4tsi/> u >x 5 1 , (ewckb- ?> nfc o y > ^ 12 1 , 

R$»8©«fi»8 b^XYZXT->'7tWUS 

mras-^i^s^^fta 520 ^ s«8rt» 20 

«ffi«iEtS1 - 5*a'VI/7lla, 11 bk, *K 
It, RHIW20C <fc t> T«fias 8 b * X Y Z Xx-v 7 7 fc 
Sft£-£fc i: *, S§§ 8 rt* O 'J ^ ?12K£ otffiit 

U— S/3^tPl*frft5Jlk*l«"P*, WTO*?**** 

©X Y Z 7x—>* 7 left LXfiflSSS 8 b «I Lit 1 1 
XYZXr-5?7C»LT«iinl»6*1BS#Kffi(* 3C 

©SHWlflJ 6 OtaXBf X Y 17,7— 'J 7 left LX 

iaiggp 8 b £=yft£-&T x y z xt-^ 7 ic o y y 712 

£ ISS 5 £ k K £ o T$8 8 *«BB Utc 
"FSB 8 fcfcSEE-f* 8«g8rt*lB#K» 

©sit 8 EfiftH/hi^x 5 *wjt^4©t, ft*© 

J: Sfcg&Bfc^K'*"*^ Z<Dtcib. 41 

< , H'J^U^X 5 ^MiPIft 7 Eft LXfifE* 
£-es<: i:#X*f So 

o x u- j if* 2 oas^fiT-r 5 co^K±-r act # ? 
t, «iox«i6<oi(ixaiS* < ffiT1"S<o : &B6±"fsck 

tfT'tSo 

[0 0 3 0] ^ **fifiWT»±, »ftbfc»»&S* 
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2 tt*%9i(cft« U— tfirax^g©!?? 2 !iM«J!l*75-f H 

[003 1] B2»c43^X\ SS/hl^XSib^tttt&ft. 

£J«*EBfc*:*U nT®lgP20lCioTX Y ZXx-^22 
fcS& BHSftSidfcfcoTfctK Cl©Si§8©{P,!l 
ggp 8 b CttflUB/ W723kSf*> W724tf»tf 6nT 
V*. CO«lft/^l/723ttEflf25*^bT*^'<26E* 
«ShTV*. Sfc, **>W7*24ttE«27*fl'LTE 
W25Cftft S nT 5 > E*25© fc* E lit- * 28tf IB 
tt&ftTt^S. £fc, lE ! l2533cfcd : Em27©ftfI§l$E& 
gj&/S;i/729jb^tt £>ftX}5 t> , c <£>VMkW7?a\t'& 
1 9J&ffifiE £> S k * E # >"^26*> & © %ft*a'' W 

#^26kEff25©ii3i*jllWLTEff25*EB27K:» 

[0032] ^.mstom^icitf^my ■< 

-30li^ »J *j A jff ^ <D#We^ KEB25lcffi#tt 6 ft 

©SnxHHai a X'T7L'-v'3 yiox-TS^teii, ^\'J 
«> A3b^A^ftfc#y^26*5J^ttS i: t felc, 1HW25 

30 #g§ 8 % X Y Z 7.x-^22le ^ft tTSS 8 ft JCfflBf 

^'^26^6E*25*«fclf«*&^;V'7'23«^LT««8rt 

[00 3 3] ^LX, §§|8rt*^aXl?H^cSofc^ 
jST«J»/^1/729*!B 2 «J»ffilfc«»A S k *> tc s 
^-^28%SHjLXggl 8 fr&ftft'W7 > 24$a tXE 
e27K»5R«ftfc^y , >A3&ES25*31L.TB»7^;l' 

^-3oths« tft A^&sa 8 ttf aittis-r s C t K «t 
t), u— <f fSStli ^^Sijaxfe 6^77 > a ym 

40 fitW±£Ob-^7 1 d2%BBit-r§ 0 

[0 0 3 4] COfcfes T^U-v'a^iOX^ttebQX 

«b 6 6 jr» t ^sixBgti* ^ y 7 a ic ck o x mm 

3^e.ltftfcffillK:fRtfbXSBWSBjfi»K(4»-rso%l» 

±-rsuk^x-tSo sfc* gffi8ft^sp**ftfc^y 
*&Lx^sfcfes 'NyjAoa^fiSELTS^ft^y 

X*t±, «tS/Vb723. SfM^;l/724, ES25. 27, =t- 
^28, «Jfc/^l/7"294V\y 7AM^ft^S*3i:tj : pSS 

50 ^m^m&Lxi^ 
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[0 0 3 5] IBISfeSV^ttSJSttllEftttOinl* 

K, EBZ5*i»6IW7^>U*-30*ftnLft!l» 0U> 
4ft2**rLT«fi8&8 b^XYZXf->*22tSgLT 

«»8rt**wr*. «mi>w:/29«b i *» 

ftB K T # > ^26 *» 6 EW254S J: ttIS / U» 723 

§ 27 fitters* ± # Rj£?a**i* l t v > s e 
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*l, 08&/W747, 49*<H^K&t>T^*B©fc^# 

riybo— 543, 44K£oTfllfiffl8 bfcXYZXr- 4( 
i/42K^g^-&5 cfc 3 fcRjftgB20i: X Y Z *-f-^42£ 

[0 0 3 9] ^K, ^ffl*KW-TS. 1HWW45K77V 

n, ttf&>W747, 49#BWMfcttoT^*B©flW* t 
Aftbfc^E, ©»45!ia>ha-543, 44KHS5 
fctttfjbTnfha— 543, 44fc£oTi!lfi3P8 b*X 
Y Z *T-^42fcM5«£tf5 «fc 5 K.BjlbW20fc X Y Z X 
x — 742*g!lLT{8!MS&8 b<DT«S8Ptf 0 U >?12* 
^LTXY Z7.T-^42E=M}g2-£, 08&>W747. 49 5 
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-543, 44(Dil®%ff±-ri> 0 
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[0 0 4 3] 0 4 "finiSB©^ 4 
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iDl^t, SH6lA^$nfc^T*XY ZXr— >*7 
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?77l/->a yiPl-TS^t, g§g61fi^:tQX5H» 
fcLfcS$0«»T?XYZX-r-^7*Rl»LTSftS 
IlC577b-> a yllDl* !t5 9 H tft'f 5. £© 
3 s«6irt*Htfaini*HfiUcKSt%flF**^S 
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«*©^4ij»**W«-IWiaS*«*T 2ltftttX 
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(54) PRECISION ELECTROFORMING METHOD 

(57)Abstract 

PURPOSE: To obtain a highly precise thick film as a 
high-strength structural material at the time of utilizing 

a photoresist as an electroforming mask by using a mask 

formed by projecting and removing a resist with a laser 4 | ^ 1 

beam. 

CONSTITUTION: A thick polymer film 2 is 

thermocompression-bonded or adhered onto a substrate » 
1. A laser beam 4 from an excimer laser device is shaped [ 1 

with a homogenizer lens, passed through a laser beam 

mask and projected on the substrate 1. The polymer film ^ 
2 on the substrate 1 is abraded off by the laser beam 4. — ^ 
Since the substrate 1 is placed on the X, Y and Z stages * l ' ; 

of a laser-beam machine, a wide pattern is coped with ^ 
by scanning the stages. A laser mask is changed in j^* * 
machining in accordance with the pattern. After the « F j 

pattern is formed, electroforming is conducted, and a 
high-precision and thick electroformed article 9 is 
obtained. A corrosion-resistant film is preferably formed 
at the same time that the mask is removed. 
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(54) OPTICAL ELEMENT AND PRODUCTION THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To manufacture a 
completely dried diffraction grating end optical element 
by a high speed processing by irradiating a polymeric 
material having a reflection film and processible with 
laser ablation with a beam of laser from a direction of 
the reflection film and making a diffraction grating form 
of the reflection film. 

SOLUTION: A beam of laser oscillated from a laser 
device 1 is transmitted by being reflected by a total 
reflection mirror 2, etc., and is adjusted in the intensity 
and uniformed to be emitted onto a mask 4. An optical 
system is comprised of such a mechanism as an 
intensity distribution of the mask is fixed by a projection 
lens 5 and a processed piece 6 with a reflection film is 
fixed on a stage 7 adjustable in the direction of an 
optical axis, and a pattern is continuously formed by 
moving the stage 7, if necessary. And, a reflection film is 
added onto an ablative film. This film with the reflection 
film is irradiated with laser beam. A part of the irradiated 

laser beam transmits the reflection film and the polymeric material is irradiated the laser beam. 
Thus, this polymeric material is ablated and also the reflection film is removed, and a diffraction 
grating is formed. 
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ibnxffi u- S k£«a.TVS£k*«F»kT 

[0 0 18] ffc, 6©ft®«, ¥SSS±fc 

>f ftffci&SKS k^U— »f 3t*iRafflUi±02IW» 
kJfeHJILTtSUI^ofilCaWJI^tT, luEl^-if 
JtKiRWHJl^R'RS * 4 tofS U-lf k > 

maxm u-*m¥t£^m tmmmmm t vmKmwt 
(cis?-r*ite¥#ak, Kioifflu— »f3t«4^a« v & 

5/^Xz*W?-4, U— IfJtWH^lRlTaEflllOffiB 
*>«}: < , Jiou— lf)tX«*lRl±a[«©a«)I* 

«1 7 0«Wtt, IWE8WM*ttBklMB*PlfflW1fO 
inxffiS k cDffi^W^fiS^PS-T siaxffittPS^S 

k, wi2Wift©(ftBtraffl«-eTu-ify£%ii»Jwr5 

u— »f3t«I»^ak*«*Tv^ii k*»«k-r«»* 
«i 6fcE«©itt«Ji#©in]i»«-pa&So Sfc « 
*JSi 8©RWti» tJEvx»#®t4> inXfflP-lffe 

*TlRl-Bmta»lHl©linxffl f 3t*SRW**s <: 
Bo 

[0 0 1 9] Sfc, 9©»Wtt^ KHElinxfflU 

— «f)ttt, x+s/vi/— «f3fc. h*u— «f)txttc:n6 

OSSSft^O^^^.fi*' 1 0 0 n s WT©W1f«T 
&3i:k£1tttk-r5fll#9U 6~1 8<OHn^tSSK 
©Vt^ffijfi^OiOXSfiT-fe^c, $fc, W*«2 0©IS 
ffitt, MEU— IfJiHRiBaWW kIttSEaWJi kft^SSlc 

1 »Ol^1f3t»«IWWaff3«»i*lfc*L, l 
*ToS«MfcSg»*1- ?>linxffl U— Ifft**** 
%Z£Zft®£?%n*mi 5Xt±l 6tESOift« 
3ifr©JjnXSBT«)4 0 $fc, »*«2 l ¥ 
SS^k. K¥S*«fclfcttTtoIfflWtf3fe*aii1" 
52W«k. BuE¥iS»SktuES9^gk©P^ti2B$ 
) tu !5Ei!]DXfflU'-^©x^;l/4 : -%^iR-r?»U- 1 f 



(6) 
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iR£ £ t K. «t *) BMBSBBRtf ME U-MI 

[0 0 2 0] 5ft> »*«2 20»BI4* tWE^-** 

5ft, »#*2 3©58Wi. IMEb-1f3t»«Wi 
^limtfE^fiSKi 9£^filA^3Ift#&BA^*fi££ 

ftTffeft. 5 ft, IH**2 4©38U3B, M!2¥S*Si: 

[0 0 2 l] 5ft, »**2 5©fSBJ3«. tfflEU-tf* 

11^2 i~2 3©ftftAH;:Eic©3:ft1i3s{*"£'&&° 
5 ft, M*Jl2 6©«Wtt, «>EiS8»ttSfc*»*© 

awa*fliATv^c fcfcftafc-rstiissu 5 cek 

©ift;|gjlftT*&?> 0 5 ft, »#JS2 7©5SWi* tuie 
%%WM2 1—2 6©fa4aAHcEft©uft1i3lffc"C i & ; £>° 

[o o 2 2] 5 ft, ts*S2 8<Dmttt. msssmm 

tt5wfS2 1 ~2 7 ©ft*lA^£Efc©3ifl$i3i#T* 

— »f)tKiRSWUi * t> jftsta^fiasa-b ^ s * 
?>£t£#tikT£>fi*«2 i~2 7©{5jftAHcE«© 
fifttiififtTjes. ^ft, m^3oo^b, maw. 

1*581*^2 1 ~2 9 ©^n*^ia«©4(** 

ifittTffc*. 5ft, W*«3 1 ©ISUitt. W**2 i ~ 
Lftc k*WHfc'r*it(*ll5fi*"e*». 

[0 0 2 3] 

[SB l £HBBJi] 0 1 tt*fSW©£ l ^fift®«t«54 
fltf*3Sti:©jbi]X£ri*3^BI"?fcSo EUc^ti-S 
£©5fl«&5t;i, A*7XSS, SilE SU 

vass i ±fcfW2mv3 u— «f*KiR*iiJi 2 

k, b-+fftM*RB2£foimDX/BU-tFft4£ 

sisr ^»ss^s 3 fc*«a.-cvao ft*;, 1 # 

susS«©i:#. l/— fftMSKBkLT, Ai, 

Cu> N i l«T't5c I 
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[0 0 2 4] H#M&#5tt. mwmsmfrz 

X^bftftlXfflU— >f3fc 4 A*U— >fftM£llB 21C© 
IRS ft 5 C i: fc <fc ») am * 3 R tf WfcRlRMIB 2 

W6*«fl0Ki-Ptt¥aaMRi ©£ffi©¥ffl®HA<l&£ 

[ 0 0 2 5 ] m 1 c^-r <fc5 g 1 m^M<ou— *f 

»T*o«^o*v^*m*lM«E»* bft U-lf * 
MfllB2 WSS4£l±£Wl-t3o ^~ 
tfftflfciKJtilB 2 ©XtcftlXffi U— 9% 4 t^LTMiS 

tt©aE^awtmB?fcsiSBi 3 tsi 
« 1 saxmrnm 3 2 

«fc t> kffiV^BA^SiJSSftT^S C fc A*2S U\, 
[0 0 2 6] bTaBB 3 fifflfrS) 

ioxffl u— »f )t 4 izwtt* iaxffi u-+f ft 4 \mw 

BMi2©*ffiTKiRtn5J:3K, dft5> 2B©RJP£ 
[0 0 2 7] c©M2ftftx*;l/^-A^— tf)tiRiR 

srb 2 rt*£»L*ftK * ?> u-yfflgLim&m 2 © 

1 k b-^©iRi«RB 2 fc©Hffifr 6 WtfftKiR?* 
KB 2 ©KtStfjg*. HB 2 k pgi9tc% 

*^tt»Rttfc®EB3*li*4-r*. W1f**«aHI 
B 2 RIf 3 ©llQIffi U-if 3t 4 ©^WSP^A^S 

2ftft*sm, ¥ti8si ©affio^iScSHA^syj-r^c 

[0028] mnois-vmsax-Z'te. U— «f3tt*»lR 

BA^Sffit AHtt U— *f e- L&&K.#Jti+ %> & o ft 

jB:ireA^JiBKfMgBA<snftini« k ft ?>o 

[0 0 2 9] 1 l^- 

+F7tKiR^KB 2 ^»V^B«C® gScI" SCiT, iQXffl 
U— if jt 4 ©x*;l/=£-£gS?Wfc: U— ^KflRWKB 
) 2©*t^5ci:A^i:fti.o a*Wlf3t*»iR 
•r?.i!6l5JBAW^^I#^B^»t<t OIMHI^** 
tfSR«»HHa&5V^ttln]XaJ)aEffilc5S5*V 

ftr ?» c k T- c n6««flaMB*«WK* < -r s d t 

A^Rltfei:ft?>c 

[0 0 3 0] 5ftS«±t©«RB©**^Uft^^® 

S£ft©fe*U— If l /OI/^IBWt J:4Mt*»**4 < 1" 

±Ci§BJ3B 3 C kt J: t) . U— *f l >W7J8M 

iO T-©lt*S^JiliD«-&i>di:A<PlHli:ft5c 
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[00 3 1] 3:fc»P3JI3*8tt*£fcfc*!), * 
if ftSfciRiiKB 2 i: <DWffiT*i£t S R££ 2 nfcgp 

[0 0 3 2] *»©I»?ou-if77w->3 vinx 

[0 0 3 3] L^b*^t<tntf, BlEaVTJ:? 

saifejsw^ if»&sjiB2 tw-mmm 1 

[00 3 4] U— 9 1 / W*»C i 

>Ejt^iBBfti*£inx©ii^'iniifc45. tfdrax 

[00 3 5] 1 ] *WRV>m.MM 1 W 

*finl£i£*B 1 C^oT^To 0 1 fcTirf ±3 fc, ± 
ffi©^Bffi#¥®E^E££nT^£#57.S1&, SiS 
fiSWWISS l ±, *HiS^lT-{±**5X»tLhtN i 
»M^oi/-^M*Mg2^ai-r^o *<D±ffitC 30 

7*V>;MSHB. I T0H^FO3tSjSlT*ft5SWS3 
fciSBtSo £©S«{*fcttLTi8iil3Ji"3±fr&ft33a 

stems Lfcinius u-if « 4 *3S maa?«tK»i- 

So 

[0 0 3 6] |f(IBftlimu— 9 r Jt4©ft53iSi:ti, b 
— "fftMSUB 2 IC^TW 1 9%<b&th,)i<D3-% 

T b-+f^iR*KS 2 StDXffl U-lf 3t 4 

flfl©#H5-eftS¥ffiffiH#RHiT?*, JLo¥ffiBlHtca 40 

{i£-^&^ft*aA^xx*^*-E i trau*»«t 

flol/- »f)tXi*^lRl±fliifl8©3iBJJ13*l» 

#<U d©jbnXffiL/— >m4;z:3iBjijf 3;§::rt-LT^- 
^ftM*KB2^^M^^-e ; i>o swtntf, ax/w 

Xx^;^- E 0, I^aAA;l/Xx^;l/**- E 1 St>* 
*VJna*I/ WXX^rt/^- E 2 (Dffi&ft E 2 i E 0 ^ E 

[00 3 7] CI CD&fi©iQXffi U-if 3t 4 fcjSltbfc £ 

u— *f3C%icaiM2 -pttsatfttiofcixfflu- so 
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if ft 4 ox*;P*-tf U-tfftWRWIWi 2 rt^fcS 
U U-1f«RSSIiB 2 5o ^tfl/- 

ifft^iRjf KB 2 £¥SS& l fc©5WBfr 6*M*«3 

u—9 y&kWHai 2 ©nt& sijjttiqiRjKawji 

KiR»lW2RtfS«ll3©*OI»i3!«S««n, ¥S 

T-ts £{tt9fc»tti«x#ieB*ns. 

[0 0 3 8] \mi%mm\ H2tt*«W©*2*JS 
JgJ6C«SS»«|jH(*^)ll0l^ffi*S-rHT*«. 0 2 
Cfxti^t, ^©StWItjSftStis tf^Xgffi, S i 
Sffi, SU SS£^©Sffitf¥ffi«££nT^?>¥±§ 
Sfilt, ¥SS«l±lc*B2nTt/^Mf 
KMUI 6 ±cii« nri^s U-fMMI 2 i: , 

\s—9fflmWMM 2 fctRltf TiQXJB b— 9 % 4 £5Si§ 
-f 33BJ1B 3 £%ffiz.-C^Zc 
[0 0 3 9] £2|SMJB»©fi(*«lifi{*5tt, 
mm 3«fr& A#* LfctOXffl U— «f« 4 U— 9%® 

icovauB 2 icM^ni ani 3 u— if 

[0 0 4 0] 02tSti^K> £2*S0BtS©l'— If 
mi^tet?tt¥fflS« l ±fc«lW¥?tfcft * «t 5 

©affi, xeyn-h, Tjv'tyv* mmmoysm^. 

i^iROaV^ ^T*0^e*©iS^ * 5 b— 9* 

ftKiRS¥MB2%SJfr5o S&fcU-trjttWMWWI 
2 0±ffitciDXffl U-1f3t 4 fc«LTaiattO«v^a«3 
Itfiii: LT©a«ll 3 %ir^B 6 fcffilOft&lc £ D 
Br«yi6 43J:tfaB3»3<D*«fitt«ie#fi 

[0 0 4 1] ^£D^s C©8W#ICj*bT]»ai3ll*» 
[0 0 4 2] COU— lf*©lR»«JI2JC»lR«tlfcx 

u— if )t»iR*BUi 2 rt^esu, ^nic £ 
k> 2 ©ft»ftiajt±^**, 

8£tf8i^jpffi£« l ^ U-if ft©H2»KS 2 ^©^rS 
^ & u— if ftKiRSHJi 2 ©tmoRfci . U- J f 

ftMssiB 2 i: (si^tft s^^aaawt aw* 3 
[ 0 0 4 3 ] § 2 %wim\z cfcnif . s 1 nmmmon 
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mtcnaz* »mm 6 *ttm * z. £t«fss* \ otra 

% 4 < U iPXffl b— *ftt 4 CD 1 /<;l/XSBI* 

K**llte«*lRl±«**Jik*^*i:ft*. Sfcif^ 

«Ji2flWMLt»*WBr*Ci:«ranilfc4D» fix* 10 
T?<b%WRI.1$*l&.£%-%>a 

[0044] [%mm 2 ] *8mw&atM 2 b- 

■ifbQX^SSr^K&^T^To mzittt&vK. ± 
ffi©i»l®*Wffifc3l£2ftT^£>#7XS^ SiS 

frsasBrSUi 6 ^(ow-^mmm 

[0 0 4 5] C©MttE3*LT3S9!»3±fr&a&59Sl 
xihgiT i : S a p p h i r e b— 9%) ^cDiOXJB 

b— mAZQfflMmmzmm&o *) u 

-tfftKiRffllB 2 fcfel^Tiniffl b— <fft 4 <os £ A, 

ok*»s«6-e«dt«tiiBiifi«n, ^©ssm, b— «f 

KM2Rtfi893JB3©»©&itf3iJS2ft» Kg*! 6© 

ttWfcJKflnxtfltasfts. 

[00 4 6] [SI 3 £ffl$ffiO m 3 3 Hfi£ 

£^Tet?fcx u <DiL'ftM'&W 1 it. S i 

Sfc S U S SSeo*ffi^¥St^fig^nTV^¥ffi 

SKI 2afc, b— *ff£M*Kl 2 a ±£«JiSft, 
b-lfftRiRiWKJl 2 a fclRlttTiPlffl b— Tft 4 %5S 

mtz>m®M3 a awji3a±Kai*nT^au 

— «f ^»>RWWJi 2b^ b— f ftMiiKH 2 b ±K 

wmztu \s-*?m.mmm 2 b u— 

1f3t4*a3SfS38WJi3bi:. ilf$S3 b±tc^H2 
ftT^3b-1fft«iRif§IJi2 c fc, b— «f3t«R«RffSI 5 
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12c ±.lcW5Zft. b-tfMRJRSHWi 2 c fclRlttT 
taXfflb— 9%4*S»r*i*flJi3 c fcfcHAtv 

[0 0 4 7] *6t, fifr«5t{*7li, mWM3 cfflfr 
6 AM Lfc 1 @ g OtDXffi b— V% 4 a b— VmM 

mmm2 citmLiEn^<i£u:^ t )mmm3 c&vu- 
b— ^x^iRjfgsfflflicas^nTv^^®, 

USHBISTBjSWI 3 b £D^®©¥S®Htf®££ ftf 

[0 0 4 8] £fc, 3itt*5i(*7li. 
b«l*»6X«bfc2@@OlinXfflU--»f)t4 b#b— If 
ftRiR»»Jl2 bfc«iR2ft*Ci:C 3 bK. 

sgp (b 3 co<p$:<D%k£$>) £. u-^9tmmmmz 
[0049] ^e»c> ±L(*^3ii*7B, ana* 3 

a tfc 3 ID g CDiJOXffl l/-1f 3tt 4 c If 

%WSMWM2 atM^n5iii:tit)3SWH3 aR 
t>*b— IfTtMiiMB 2 a <D-ffl*i«l»£«nfc«/J^I* 
^gp (0 3 ffl SlOI^SgP) U— «f3fcWMMM 2 

n-ftStBbT(/^2.^SP£OEa (03£OefJ)OEffi) 

[0 0 5 0] 03fcjjVr«fc-3£, »3*SBBJ8©U-" f 
iDX^ffiT-ttTia*® 1 ±tCiOXfflb— «f3ttC»LTK 

fcb— *fJt»iR»ilJB 2 a ^¥SSffi l XlcSH-T So 
^tc, U-fMfli 2 a cO±KijOXffl b-^tc 
jTitbTSji14©iS<' A jSW®3 a *6K:2W 
13a <D±ffi£ b-^^iR»Kl 2 b . mwm 3 bit 
SSt^a < 1 1 2 BWXSBf So 1 *3«fct>* 

Sa^H 3 a - 3 c cO^imeili^-fMtll 

) g2©#&£0fcfii'^©x*2&3;:i:tfM$U/\, 

[00 5 1] C<0«Ji{*K»bTaWli3 c{PJl 

*>> 54niffl U— If * 4 a*. *^SS5BSST'« 3 BMfcSS 
W-TS. iPX^b— tfft4 aBSB^S3 c^SjSL^© 
^cS^ox^^-^b— tf^KiRJWlJi 2 c cogffi-p 
(RlR£ft 5 <t 5 K C ft 5 «±®®a© 2 1©KJP 3& 4 VHi 
iDXffl b— «f)te3fefi%H8-f So 

[00 5 2] d ©KlR^ ftfctoXffl b— >f ^ 4 a OX* 
>b*-*l^-1f**il5aMMl2 crt*£Jf b*ft££») 
b— »f)t®iR»l«Ji 2 c ©ft»4JBfi±S^fe#, 

o ss^^^b— if^ffiiRifM 2 c tmmm 3 b t 
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[0 0 5 3] *H»»«Ttt**kfiflJkOra 

-amfcssiioxffl u-ir* 4 i /wxHifrr* <: 

tt*l/-f*MI MS 2 b 3 b £B££-f 

S D C ©£ 5 KiDXE U— «f 3t*3K5WCBMrt- 5 C 

[0054] a*, ±MznffiBm?'it. i&mmvnz 10 
fts>-rsfci&K> tax^u— «fft*3@f*K 2 am. 1 

■r« i bbk «t js< KHS-r^tSMraiEKfciSK 

*frai-r « c tan?*, sswjaif »83iSBei"a 
§ *£k t raatiiJRWKiaiw 5 c t r*h o c t # t- 20 

[0 0 5 5] W±©*5fcSB3*St»ffit±tHf, U- 

c wc ± o eo* tf v^f-^ w u ©mflTft^st^irax 

ffiB© 3 y £ a - * H8fc * 3 * O ?7 A3t**?©ff 

[0 0 5 6] [HM03] 03 fcaVTi ? ¥SS1S 
1 ffe§*7^IS±KL'- 1 fM)llii2 aT'$5 
N lMi^ffllAtf SOnmggX'Vy^U ^©XffitC 
gBJIB 3 a T'£& I T OK*0l*tf l 0 0 n mgjgT.^ 
•y^-TSo £5£jSP!JI3 a©±1BKrai:< U— «ftt«ft 
IR8MUI2 bTfcSN i U 2?>£3gBjlB3 

bT-fes i TOBi*n— ojP*"pf**u cnsaoii 

Til fcT^MMIJBoWi#*fWI-r*. 
[0 0 5 7] C ©»■{*£# LT3893J1 3 c±fr 5*5 
3lfitlBllfe7ii»Wi : Sapphi reU- 40 

if3tRlR»SIJi2 cK33V>T40lfflWifJt4 a ©(it 
A, if * ©&& * <^tt l"-"*K 
|*tf ©JRffiftC J: 0 *©x*;l/*-tf U— 9 f 3fc»iR»BI 
g 2 c ^££$1 U b-1f7 l c^l|2SKl 2 c A^ftZSil* 
£ c t <fc t> \s-*?%WM 1 ><;l/*KT«±Ji© I T 
Ot ; ?-©TB©N iKfcfcBSStS. *©&B8»{&II* 
ga., U— yjtt** M«© I T 0 £*©TB©N i Hfc 
WMtko «:©J:*{Itt/W*&£JSCTll££tu lu 
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[00 58] [$ 4 HtffigfS] 0 4 tt*KWOS 4 HAS 

t^-T<k5t. <l©itft«SiS(*9tt, H3fc3RLfc«3 

BtlP©#Si*oTV5o Sfc, 3!4#«fii©iz:«f§jl 
ft©jb0X73S t IB 3 *tt#««D3MHSii{* ©tax?? 5* t 

[0 0 5 9] £3*fl0&«i:HftSjfctt* 

-1% 1/2 A, ~B£ 1/4 A *EKJ£-r **©«&3 
lc»*S-rs. C©fct¥SS1Slfe«ttfSWB3 a. 3 
b, 8&s&£#S#b— «fft!ftiK*l»I*DfcffiV''t>© 

[0 0 6 0H©t, c©«Bme»LT^B80J]^ 
5)ilDXfflb— 9 5 7 1 64 aSBBIrt-S. ftlX»U— «fy£4 a 
(&391JI 8 *^L*©*ffl#©x*;Wr-tf U--tftt 
»IR» HB 2 c SiSTRiR^n* i 5 <me>««affj]© 

[0 06 1] c©»iR«tifcx*;l/*-««l/— *f)t®iR 

»hb 2 c l *ttfc i o i/-f»raii 2 

IR^KB 2 c ©Tffiffl!l©£$B 3 b £ U-lf 3t®«a»« 
12c i:©^®*>5. U- J FftMSSUB 2 c ©»S«<e 

u-*fftmmmm2c £mmc$>z^r&mmz 

[0 0 6 2] $ 6Kira-gP»KlS* U— IfJfc* 1 
SWT* ^ i: T'^iL fc U-lf JtSiBSIIWI 2 c ©Tffi 
flUcRtti" «9ffil 3 b Rlf U— »f MM 2 b * 
IfcS-rSo ^©ct^t, Soxffllx— >f%«SRnicfiRM 

[0 0 6 3] SS4Sa§jB&&fcJ:ntf, 38W1©»**«J 
flBaKTiWWr S c t K * 0 , inxffl w»f 3t© u— if 
SHI4!lflt**iT;* ** c t * < , iOX^$ ©SiJSS^H^: 
jfcXTSiifctfRrB&fcfcSo <i fit J: Ox ^BBWttBK: 

^«KSiJli-r 3 C £ ^rIbI * 0 o £ fcfll ^ tf ^ «t 

[0064] mmm 4 ] 04 tc^-r <t a 

N i W^^^y $ L. U— If )t»iR»B0i 2 a ©±£ 
S-OMt bTOlil 3 a 4ffl)Dt5c £©tt 

gijAif u- j fimmmm 2 a ^sb^b 3 a ©m+©jp 
icra-©ff*T*ix— vymwMmm 2 b ^^b^b 3 b t 
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ffRfi 2 c tm^ommsthx(ommm s £©-&tt© 
[0065] uco^oKEK^mmom^^Mmm 

&KfcHSLfc7iAh»T i : S a p p h i r e U- 
•tfft^jjDXffll'— >m4 a*£Hia!S?WE!Kltt"5o 
U— iraHMflWM 2 c fcfc^TijDXffi U- J 4 a © 10 

U U-lf ftSftiRWRJI 2 ctffcfifcftS. cntctt) 
U— «f3BH» l /OI/ZtcT— *HfOKOMt**ff 3. * 

[0066] BB5JQBB&] mimmmm~m4mm 

BB<01>— ifinX^ftCfe^T, u-tfttWRMWI* 
Ni> A K A u«OA«WR*»6ft*ftlHWMit'*" 

/W*, CVD*02f££«fcDSnmfr&SBnmgfi 
©§tjS£1-£>= 

[0 0 6 7] ^#**ttSgfl.fr&»H& 30 

§ 0 coi:*&jii©3toRiRfi rasas) Da, mm 
mmmn. «iR«»a, en t-tj^ 

(1) D = a"' = A/4 7i k 

[0 0 6 8] ft*«4£BKftLTC ©#82***5 
©B8akLTH5C5Kt. £©J:3K&JlWft8lBl£^ 

\t. mama tLtctz. &im®T ovs&ttL-zx. 
s (2) -essnscfcjWiisnTi^So 

(2) L=/" (d r) 

[0 0 6 9] C©«fc3fcfR£»#S;<» gffiT'^M 

»Ttt, jtsswc <fc t> sae^M»BiJi^sR« tae« 



(10) #H 2003-181678 

18 

n m^-^-TfcS C £*©&£« 

Ttmettinrf s c i: tfSSfctwefc 5 . fto*©ff 

[0070] [memrnmi *naam~K4*nt 
m*>e.ifi^©inxji^— «f3t*fflv***Ktt, 7* 

©tt^l«^«ii©7 > t:>'n-hfe4v^ix^^ 

[0 0 7 1] c©±3££BJi#&BfcLTlS# : ?*/l^ 
sett.:**), $fBfcRJJ*IHf9LfcaW**»J8TS 

£#T-t, *©RW*l£vMEHT-ffl1Bi-f 4 c. fctf Rj&i: 
£3o £&£#8©a&«JW2;^fca» irax/iu— If* 

twurawttiWE < s t e>ic^E»© / >4v^»^ 
[0072] m 7 ubim s i mm>m.~m 4 uss 

»tt©u— tflini^}*i:IBl^©ljnx^ffiT*feO. 

I T0^K{k:^^>^©«^fflv^c:i:^T*t^ o c 
©SB^»«7.A-v ?H©#aic«J: t) flUP^MSf L-T IBS 

[0 0 7 3] ^lt-b7S-y^7s*ffl^.5.CtT% ^ 
W«tt*ffi8LfcaWSfctoXiraiiii:fc*o s^cn 

sttfitttpx u— if xxM Lx^mmm^ir 

c i:*^#li:45c $fci^I^©^Kt> / >^^^*^ 

ct ap D pfi4tDlA^ Sim HKZo 

[0074] ms nmmm] m 6 it^m^m 8 ^ss 
iemc&z iitt«5i(*©/]oisa^^-r 0 » b 1 a *n 

ag©^ 8 ^7^S^^i>±z:tt«3ift©iaxS*©ffi , J®7 
[0 0 7 5] SI 6 ic^l-cfcdtc^iaxgfl^ iPXffi 

u— f*3 2^ttiii-r?>b-^i)pxas3 1 1:, u-if 
mm3 1 ^e.mwtfctnxfflu-^3 2©-gp%Sji 



I 
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t57Xi'»ftXf-^5 2£, V**3 8£3§iILfc 
imlJSU— Fft3 25rgS4-T?)~v-3 7 5-7-3 
7 fc i 0 KM LtztQXm V-*f% 3 2 ©/^ - VftSfft 
/M£K-r?>Sftb>X3 9 i:, 1 ~ 7 ©SiQX 

ttTfcJ&aUiftS 1 * 1 ^ b 

— *f£B3 1 % 4 1 Rtf^ft^T— S?5 2 

WMS^yea-^ 5 3 i£fii*T^?>o 
[007 6] H7£*-r±3K:, 3>lfj-^53ti 
»K Xt-^S lT'tt, Snl^y^T'Si.*«^5 1 10 

4 i tii £ 5 8lHtt 5 i fcinxttBKfcftU TsT-y^S 
ST'BflXf-i/S 2 ti^X^? 3 8£8r£ftBK 

^ft-r^o *K, xf'y/s b-*f^B3 lfr 

frH?fr£¥>J£U »7"eft^«^'C«Xf"2'^ , S 21C 
lot, 1 *®W}TZ>CtK£^ &© 

1saxm\zm#5 1 T^x^S 6T*«. 

[0 0 7 7] c©«fc 5 fc» 8 £l*BBB 
fS~fg 4 gfflftB© u— if Iipi^S i: |5)1$©atix£?4 t* 
& K> » ttJXffl U— !f ft©!IS4*&JSX >y f - y y^Sl/Hi 

[0 0 7 8] *«l«lCiSU— IflmlSSt^^T, 0 

8 c b) csr <t 5 Anxi b— «f * 4 

Cb— »f)t»iR»lWi2tJ;oT®iRtn6. U— tfft 

ic «fc D , U— !f HUH*M>fi*±#tt' 5> b— »f 

B 2 £*©±BEEBSftfc3»BB 3 fc©l»S*^J«i: 

ft*, cot«v^^»«*«R"r*ci:ti»)U— if 

So 

[0 0 7 9] Itl^i/vlz-fOT^U-^a >iDl 
fcHfcfc^-aiftmmfcgBffi*©?* hVX*±£?B 

ffitaxftSffifcSSM tt, aamxftioliPi^fT a . 
[0 0 8 0] £©i:*b— •TftO'Ffc-a^^x? 
^•©[IISt©^^ i 5 BttMft«^tt!WtKffi MW» 

[00 8 1] $ ®*©b— >f77b— > 3 >ST'liiP 
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t f 1febnx^7.7 L -^T*fi[SSiJ®-r5 <: fcT% Ei/" 

[0 0 8 2] [SMS 8] H8K*Ha0BSIK±*vZ 
*^©ls§K:*S&tt»ttiinl5& (08 (B) ) t 
S»077U-*>ayTf©»i*S (H8 (A) ) <Dm 

ls-*?77U-^3y1}UX*ft-ofcM-£. 08 (A) IC 
3S1-*5K, S«l P±OM2P©771/-i/3> 

XSM 1 0 a KHi5Sj*3fift»^ fciSv^lnxa^KiRtt 

[0083] *ntcat-c*njfiWtcJ:ntf» U— «f3tt 
%iR?iKB 2 T©x*;Mr-tt U— »f 3t»|R5»iUi 2 ft 
*&&LT%MK U— »f*»I|5aWMI 2 ^Afiltt 5o 

3 1 1 1 K b— if 3t*iR» 2 Me£ ?ns„ 
[0084] c©^t b-^f^^HX^KB 2 BBMNte 
ft^iUSt^tiSfc:*, 1 ©¥?t4¥affi 1 l a 

jtfttox^naRiiiii:**. 

I [0 0 8 5] S9S*^^9ti 

»Wcff*A«=BBB*olini46B*jSrH» 01 oii* 

«K«sfiittiJfii*oiinx*s*^-rHTfes. 
[0 0 8 6] @9^-r<t-5ttci©ijnx^fi«x iaxffl 
b— >fft3 2*mi*-r4u— 9*»«3 1 b-^fSS 
3 1 fc«*.S#'y*Vl'*-fe>l'3 1 a U— «f^S3 1 
A^tiJMLfobOXSb— fft3 2©-»*ia>8-r57* 
l-VXi'fOVX^ 8 i:, V7>£ 3 8 *&Wl?%&Wl 
0 ;vr— >-5 2£, VX^3 8^«3ibfclinXffllx-+) f 7t 
3 2?rSI>f-r5S7-3 7 ts 57-3 7t*t)EWb 
fctQXfflb— >f^3 2<DA$-y&Zm<&&?%l'y 
X3 9t, nffi&B 1 - 7 ©SAPX^lT'fe^aBft 5 1 
£3tj§T agfS^-r-vM l i:. b-^fSB3 l , 

5 3 i:*l^.TU"'5 0 
[0 0 8 7] 01 0K^-r<to£, ^yHa-^ 5 3£ 

xf-y^s lfii, inx-9->^;WT'fe?»aitt5 
50 ^4 lti 5 i*finxfiBt»»U 



1 
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S 3Ttt8W*-r— ^5 2K*t)V3.* 3 8£f9rSfiB 
3 l a«MUWfla3 lfr&ioUll/-tf3fc3 
T-y7S 5TI4, WlfSUtjWIT^Haj^WJEU 

l*tMW*. 7x-y7°S6T-^ Bttfl«LTl*7* 

[ o o 8 8 ] c ©wHew*^* tmmn u-if mi 10 
-ifWBttH**<t***» u— ifBtt* * mam 

[0 0 8 9] fg 9 HfilJ&Si©^* fct^fftnX 

-i^if^jra©v**«#*S{fcs*s. £©£* 

lt¥£?g< Lfc«7^fflV^2>Ci:t>BjHlT'fe?> 0 Jin 
6»J® LfcttlXtfRj^ ft 5 o C © h * iJQXffi U— 9 s 

[0090] 9 ] b 1 1 KisasBsasv* * 3( 
^ffli/^nfifiey*^. 0ii (a) K^-rmxfflu- 

X^13a C!S«-r *. j^HRHS"*"** l 3 a BtOl 
A X 7* U -y * «SF%K*t & £ £ £ * 5 v * * 25**© ^~ 

gkQmfawzvm+z ztK&*>. ^ts^aiift©** 

<t 5 ti 0 ©<I £ Xgffc* # 5 £ ^ #^££X & 3 0 * 

tvstf. cn»lnx«tt*Wii:ft**5ffiio«k ^ 

[00 9 1] £©a»fcE:Sft)Xft 1 4 a£ffiE8'.Mft 
tfttSo ^©&01 1 (B) E^Ti?^ 38_ U— 9* 

^»£?©i»#MrtK^**^*£fcs«aix©v;* 
*Stfi 3bi:-ri»c z.<Dn-<ry*7>w#.\ 3b^a 
iiLfctnxfflb-if^tiOSirax^ii 4b©B££%fr 
9 0 t©fc*JIS-U- J mt^-U— •f3fcOiM#tt«« t 
H-©Bffili2Jl©ilQXaH6#* -7J©&©«§t>HuflT* 

ttaffig-Jio*©!**^**. cn^ai i (c) 
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fcWftJfcKfcfEfitSo jSjlSftftV** 1 3 aliAl 

[0092] t» i ozmmi m 1 2tt*5SH©£ 1 
o*fit«»K«*a»«ifi(*©iiox*a%7P-rBT» 

5. c ©Ji§ l 0 gfflgffit*. £ l HM0B«~a 4 
«©u- J »fiH)X*&fcH«©ifl]X£i£T?fct>> Jrax^b 

;l/^BB»K * 0 C © t W-1fft©3Sft* Rl*T? 

tS?at**)!!Hi§ffi«"P©3SUf[*>l»'*"*» »R*i6 
*fcbT©aift«»Il^7--2 ; -tKEltS*U 

f-i/icio Ttoi(ftfi*a!iSt ftiJW-r &o £ © k * in 
Xffl U— «f Jt©**E lifcOH&B i: U>XSS i: ©ffi* 
jbnxftBT*©^— if faT*©&B-f ft%& < 1"«t 

5, ^S)^c7*-*xii§ffi*%wt?>ii^A^a^ 

[0 0 9 3] SB i oHSJ0Bfflfc:±*iinx£i£-ett, u_ 

3t®iR»HJi*ffiK5Sflrt- S. £ © ^ t fiSittitflttt 'J - 

It&BT] Ir! t PWtt If )t®iKjSMS73 Ir] J* t T b 
) — *f!B«i:raWbT»J»*n*o iini;:cki3**77§yb 
-1f«3WWt**iX, u— »f3t»iR*ilHSiSK:ggW« 

B©«jg{btci'x TiBkoWll* 5 ***. !i©^**D 

ZZfztb. P3S«©iQXfei:i:ftt>> HB©¥?lft^iin 
ItfBrtlfcftS. c©fc*l^-if3t!H«3IUt*WS-r* 

it©!»ej«iEH*w»'i"*£t* t ^^*5> cnt* 

u—wa»k raw trim 

ftt). aiitc^iiLft^?)iDX-r5iii:T\ ^§c{l©i 

[0 0 9 4] [^fiSeil 1 0] «3fcfcJ;*x*;Mr-EJ: 
SiDXJBttSitKBBLTia 1 2%fflV^Tl5i0^-r?»o 
ttMic * 5 b-lftaxicfc-^TiS, i/-if*KiR»«Ji 

©pfeis^oiioaiiBftKiitjaK-rso £©*t^- 

©L *v4lx*;l/*- ± K) *v«#Ttt U-1f)l»«RW 



i 
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ifyttDMKfc&vftot. ^©tax^&b— ifast 

* 0 IHtPt 5Cfc *W * S o 

[0 0 9 5] W^tfH 12(A) Ct5V>TU-f^S 

* ©tOX L * 1/ ^ W±OSi*©B*ffSS X AttflKfif* 

1 5 B jwai«n«. cou—mm^mm^mK 

£0<ET£-£@1 2 (B) OHIfiS*t"r*fc» btv^ 

*w±©««o*^iipxtn*fc«), 012 (a) 

■CHI 2 (C) C^rJ:^^3i«OB)tt5i1?a*aBlt 
b-+f J: t) $*ffl£lift«£ft 1 5 c *ff 

[0 0 9 6] [Sll H»^«] 0 1 3 «*f£B§©fl 1 

— »T3fc*W*.tf 5"J > H'J **l/^Ol»*M«E 20 
*Dfr«l3fcbT5-rJ'±©E--k*flF«U b— Ifft 

LT^K^n^c i^-m^t^at^DjibtTo 

c hx\ lBiajaaiiflaFitftjMIWttinxjgtt***. 
[0 0 9 7] S 1 1 HJB«iKJ:*iPX*ifeTtt, fiPX 
H U— »f 3tt*W* bTH«flaai fc»±©> 

(A) fcaVTiSlc, SWiSfiifc ftHSlfll 

s^-^^s^t-rsc c © is-if&mz^t sirax 3( 

ffl V-*f%1$ b— WtR«R»IWi*iBlcJM* tWIrtT 
■WifcttU u--y)fc»iK»§W0*Sfl:£i»j, Ta 
fc c©fc*iml»»i. U— «f*»* 

lSiBO¥?t4JttPX^Rl1Slfcft5. cofenUBtfli, R 

[0098] c © 1 1 b— «f 3HSM*3Mt*WI't 5 <i f: 
K i *) b— f9t®.$lMmm<Dft®i%lffi& x*;Mr-fc 

nrntfttk cnt£t)i)ox^©p^#°Jf^&3o u 

Wft7X&tf©{ttW*' 5 Jtli:fc>K ?K8K:»iJb&tf&iin 
HjWSiflixto©$Si©#£ i 0 ff*U" * «=■ ^ * * 

So 

[00 9 9] [IQI03 1 i ] *nxffl u— «f Kli •> ') > F 
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Hfcfcl^T, 013 (A) fcjSfiiOXfflb— »ftt©3ftS 

t5a&5vH4sanxa*»»r*ftHbT, rnm^xm 
xm b— »f raawwEisii-r § . ^ottu-f 

ttS&it*^ ~ y^fcgMtffijlfcO^lli^attHUBbTlH 
»itu ffiSoffilfciinxffil^irj&fcv'fvttfcKW 

tSCfcT, WttfHl 3 (B) fc3j^r*54^;l^-^ 

>f^';i!@STtt?i 7. fc£vHi*©S£ftsai~3£fc 

[oioo] [» 1 2HS&M £©n i zmmmm 
a. « i nmmm-m 4 %mmv> b-mnx*a an 
«©tni£8-e£ 5 « *nxffl b— if ttfc utv wxtetf 

1 0 0 n s WTTfeSx+S/vb-tf*, N d : Y A 
G, Nd : YLF^©B<*b— f©S*i£%Q*-f 

[0101] Wttnlfflb— »f)tK: 1 0 0 n sUT©ft 
XSLfciol^ (1) \z&K*%Khft%Z 
1 0 0 n sttTm^fct, b— lf!$!**©S«©* 

7 = -y ^ 7«, *»?tm«-p b— y *»inawMirto« 

[0 10 2] b— if«Ri5S»ll)i*C©»l£»E«LW 

Tku i^ifiMrtW«**tiWJbfc-r*ii fc-e, b- 
[0103] [Hfi&#i 1 2] xieffiii^ ( 1 ) 

•To 
[0 10 4] 

[in 



(14) 
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*m 






20—200 X10° 


Glass 


0.3—2 X 10"* 




0.2—0.5 X 10 s 
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* [0105] xLz.wtvmm&Mt-K?^ 

[0 10 6] 
[*2] 





ips 


1 ns 


1 v s 




^0.01 


^0.3 


— 10 


Class 


0.001 


0.03 


1 




<0.001 


0.02 


0.5 



(/J in) 



[0 10 7] C©£3KtoIJll^tfft©'W**B*l 
0 0 n sUTfcf *C fc?{««ft*mT?/WXlirt0 
ifc&f£g5B£<l /unfiTF*:***: ££T* 

*m©«w* c nwT t-r « c: j: t\ lx— if 
A^pjtit^^o cntj:D*«*ft 3 Paii** , <'*S[(* 

[0 10 8] [SB 1 3|OBB«] £©H 1 3«W»Ji 20 

«©iai£?£T'&^ mzmxm\s-*ffttLx. *© 

;S;l/Xtg#^7t^$T*££>T i : S a p p h i r e U 
— «8J:tf*©»l», Nd : YAGl/— «ffc£©B(* 

B©#ft£LT, Ni, Au, Alft£©#Mfl££ffl^ 

[0 1 0 9] SB 1 3 U— "tfE 1 p 

ft%Lffi%i3mh,T'i5K>. !f£T i : S a p p 

h i r eU— IftffcSc COU- yiiWMSKS 1 0 f 
s ^200 f s 8 00 nmjt 

[0 l l 0] coi5ia:«I'<;^U-1fE*^TI*, 

(App 1. Phy s. A6 3, 1 09- 1 1 5 
(1996)) o ^ 
[0 111] U— tf/W^ffltfJSi^ fcfr&£Kfc£© 



[oi 12] cot*u-f«oi^*-iiS^ 3 ® 

«*JflJi*?flSi:bT*©!!Mt«5[«**iaiat*. 
fc*D*KT©IMnMBHH:IK£«tU ffix*/WP-"* 

[0 113] tfEafcC&MTMiBMtf**^^ 
-^HWffit* 5P§iS«*lE««o T t S r> *>V /Viz** 

[01 1 4] T i : Sapph i r e U— ■ *f)ttijfi^^ 

%T'$>K>, is^^^aw-t v ^ *y * < ©8WWB 

[0115] [SI 1 4 * l «H»«fr6 * i 

mcGmm&m u m»£ e * o *©aea!*ft«i-r 

n^fcfflv^tfc^inl^tffcR*©^ SS^tt 
[o i i 6] si 4H«««©i(*^ttiini*STa± 

S^©jpjfflfeRiti-pfeSo cntiOv tiaxttutit 
fci:?HfaWiB»?©JS«S!K:?Uffl-rS£i:-e» * 
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toxtmtf2ab*tvBSTa&oT*». ««£.fct>aa 

SJR? * 3 * V v h So S ft U— WDIT? 

[0117] ram 4] hi s i 4H 

l 5 T'ti*£3£ <fc *«BWWttteaoi8M*a^. 
015 (A) t^-Ti^t, jfc"f«fi(*ff«Ofc»0* 10 

KttinigfcfrS. *E, 015 (B) toti^'^ 

[0 118] ^C, 015 (C) K7F-f<k-3K, tt£S© 
fcfc03E®*BfflKIB&JS* 1 8 1 8£?T 

9 0 Ei5 (d) tc^-r*-5t, 

SN 111 9%(*t0 - 4'5. 015 (E) t7jvf<fc 
2jQXft<fcDN lg«4IS8T5. 01 5 
(F) fc5VTJ:5K, N iE«*JS«BK«fcU »I6 
«2 0O«^5o «S«#U 

«ll*ffl^*J:i:"PUV*fcJ:*«5a (2 PS) fc<fc 
3}«KfcRj#lT<&?> 0 W±<DJ:5fcbTBl 5 (G) K 

[0 119] [Si 5H8BBIS] *HS£fi^ 1 
w<kbvv&. cintt^ts 0i efcjsrs-rj^fc, 
1 9ifl^tt» & si 4 *!BBf6©5 mt a o f?s u ft ^ 

[0120] «o)tf^^x^y^t'a*"7Xlfi 

t H e - C d l/-f f OU V l/-f C i D , Wi&W® 

fcgttu situ <gftft#m>&&w^*-> 

fto 4 

[0121] ^mmBBK^^Wiaxl5^r'it. irax 
ft. a«o«^s-ea» a0tfttra*ffiv**0*tt*fc 

/b\ #££T- ttSHM £ U— If ««»RWMi i: % £ < © 
Wftlffll* b-<f ft 1 ' i »? ft b c i: #rJS6 
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[0 12 2] [fgffiH 153016 1 5* 

*>7<II»*aVrBI?fc*. 01 6TI4*$BBfc±*# 
x^X^fflX^yAHH<DC!l*^Tc 01 6t7p-r*5 
E, ti? X*fcT*£>S¥i§S1£ 1 ±C b— If 3tt»«W * 

SBttMSltt U *© l > <;l/*SR» K <fc S -o© £ -v h 

fcC±»)«l«K««*fffll-r*. c©i: *«**«©» 
3 fc&Ktmjn?fc5 w^iHRWHW 2 

M$bv\ 

[0 12 3] tKDfctimxrab— tfliEUte • 

^-s^SLft 1 ?, ^a©E«*iRii*cioxra c 1 

[0124] [« 1 6mmmm ^nm^m\ 4E«o 
1 Hfl^MA' bsb 4 jaw»o**fc * o ^ 

[0 12 5] D£*Oia»a!**!ief ttfcfc*tf«3tKJ: 

•yrbTftV^^©*J©*WT'«fSg^{iiSfet)-&^g 
[0 12 6] **StJB!6l!:J:*«ttliol*S"P»4» *ax 

fi£*©att*xs*iBiant-r set tm& t a s. s 

TiSfiO % ^^© b— tf£ ffl V N * fc o ft *V 
<Ott«^&i!SibTfflv^tfcAi«pI*6taSo 

[0 12 7] s&fcittWftfctfatoissfcb-tfis 
i:^T*#, *irax*£JtbT^IS»(*lin. W»*5*fT-5 

50 m?%z.tt>' i *s&£ r *2>° 
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[oi2 8] [as i immmm] :^)Mo^-f 

[0 12 9] U— •^■OrtaWiVli^ttWcttS'+v 

$t<, u-if3ttt«ha:iii*HJEr*fWBj^-^»E ic 
[0130] cou--»f*oi«BicJ:t>«*oinHtl 
ifitt^iai^ff A<Rltt i: a 5 „ S fc U-lfSM** 

[0131] [naiffii 17] 017 it^mm(om 1 7H 

jt«!llc«si{t«3fil*olini»t%^-rB» 0i8li 
*5»iO*l 7ltlBI5»fc«*i{Hffii*©llDl«iO 2' 

g»*3vrB> 01 9tt*f88©3n mimmz&z 

$.tm&#-<DtiaX$m<DM®7V- : }- J r- bfc^-f 0T* 

[0 1 3 2] 0 1 7fc3Vr*5fc» U-if*nigS3 1 
A^ti3&£nfdJ0XJIb-1ftt3 28»>f? *3 3 
TKSaWn^MtPl/T 1 /2&ft£3 4 £ASt*ft*. 

L<:Ti/2$li3 4£[si&f£j:2:T\ iraxffll^- 

3 8±fcSBS*Sft5. C0VX^3 8£jSiILfd)DXffl 
«ftH»fitLTOWIft4 0tt»ft^-r- 

->"4 l^JctOiinifiS^Jffli^nSo cofcfrinxffi 

Lfc«£gB£ffiSU CCD*^74 3ftiD*0 

tattai(*W®tt©4ax*«Rlte i: ^ 
[o l 3 3] 0i 8tc^-r±5K^©iraxSS«> iax 

ffll/-1f*3 2%tai*-TSb— »f«fll3 1 i:, U— »f8 
S3 lKfl»AS#«yir;l/^-b;l/3 1 at, U- +fgS3 

1 7b>eai«LfcJlPXfflU— 9^3 2§iIt5A>V 
55-5 4 il, 3tf;WV55-5 4T-^3E2tt7d)aXE 

U— 9%3 2£-£itgT-;£«t 5 f e UyX5 6 2;, 
tMl 1 ~ 7 (0«iPI«ST?fe4aJi(* 5 1 i 
mi^T-'sA 1 \y— fgS3 K £tt*x-$?4 

1 M^WV$7-3yha-75 5^LT«;b^ 
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y$7-5 4*tS»*S=i;'l£:i— £5 3fc%IH*.Tl^ 

So 

[0 1 3 4] 01 9t^-Ti-5t, 5 3lC 

•t;l/3 1 a*»JSLTU— »TSil3 1 *»6JBXfflU-1f 
3fc3 2*tB»U Xf7yS3T'B^WVi7-5 4 

&r>* f e v y X 5 6 \z a k> iraxffiB££S lt»S& 5 

■91H»*»7«-&. Xf'y^S5m ®«ff«UT» 
[0 13 5] [Mil 8HKIJBSI] «ioiijfi»ffi-ei4, ± 
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U -y h^#»©«WP*«t*je«k:b. iXU >y h^j«*m©«l»tf4>ft< ^fegttU 
l^SfcHMnfct&ttTSSfrU WlWTgfLftX'J<v bl&timm<Dil%%Sm-Vl,3i7, 

hvmmwmm^<Dmmm*v >y hienttmo 
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(3) 



8882 0 0 4- 1 0 3 1 0 



is*is ijijIi o ©Mn^-igtcie^^p^Pixu v hjg^fe^«k Dxuy bmf&%& 

[#^Jl<Df¥«B£SfcfE] 
[00 0 1 ] 

[0 0 0 2] 

*mR<omm&ffih\^x, W7-o 2791 omzm^mmo rytrnm^mmysm 

Sfcs W8- 17910 8 *§&$KU:IB8K© rmf/f^^^^oijqx^^^PX^Bj 
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^KigfMSt'rsC ^tifflHT^ofco >y h^i^m.-t^fcHXD— Mt b 
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£ 2001-183943 &$B#ffc) o 
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PROBLEM TO BE SOLVED: To provide a laser beam 
machining method capable of machining a material layer 
located in the middle of a material with a high degree of 
accuracy into a voluntary shape and provide an encoder 
slit formed thereby and an image display body. 
SOLUTION: The laser beam machining method is 
characterized by the feature that, toward a forming body 

composed of a first material layer 1 which is transparent ___ 
to at least a laser beam L a second material layer 2 | j Uj f^- '...<^4v^ : -2 




provided in contact with the first material layer 1 f and a p " j ^ ? ; -' " c " * J.,, > { ^ 

third material layer 3 provided in contact with the 
second material layer 2, the laser beam L is irradiated 
from the direction of the first material layer 1 and only 
the second material layer 2 is formed into a voluntary 
shape by a high-speed evaporation of the second 
material layer 2. 
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(54) LASER BEAM MACHINING DEVICE 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a laser beam 
machining device capable of eliminating the deterioration 
of machining accuracy and movement of a machining 
position due to the misalignment of the lens. 
SOLUTION: A laser beam emitted from a laser device 1 
is turned into a collimated beam 3 by a collimated beam 
generating optical system 2, and reaches a transducer 
21 of a spot shape to which lens action is applied. The 
transducer 21 changes the direction of the light beam, 
performs re-allocation of light intensity, and makes a 
prescribed output intensity distribution on the surface to 
be machined 6. When the phase distribution of the 
transducer of a usual spot shape is set to A and the 
phase distribution of lens action is set to B, the phase 
distribution C of the transducer 21 of a spot shape to 
which lens action is applied is realized by T A+B'. Zero- 
order light due to a phase error is generated also in the 
transducer 21 of a spot shape. However, although the 
zero-order light due to the phase error becomes a noise 

component on the surface to be machined, it does not become a peak, since a lens is not used, 
then machining accuracy is not lowered. 
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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a laser beam 
machining device having high degree of freedom of a 
processing pattern, where the improvement in use 
efficiency of readout light can be attained. 
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